Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 07-1 76468 

(43)Date of publication of application : 14.07.1995 



(51)Int.CI. 


HOIL 21/027 




603R 27/32 




603F 7/20 




G03F 9/00 


(21)Application number : 05-334759 


(71)Applicant : NIKON CORP 


(22)Date of filing : 28.1 2.1 993 

1 


(72)Inventor : NISHI TAKEGHIKA 


(30)Priority 




Priority number : 05 38077 Priority date 


: 26.02.1993 Priority country : JP 



(54) PROJECTING EXPOSURE METHOD 

(57)Abstract: 

PURPOSE: To accurately make a reticle coordinate system 
correspond to a wafer coordinate system by reducing influence 
of a lithographic error of a reticle when it is exposed by a slit 
scanning system, 

CONSTITUTION: Two rows of alignment mark images 29AW- 
29DW and 30AW-30DW are projected on a projected image 12W 
of a reticle in a scanning direction, and two rows of reference 
marks 35A-35D and 36A-36D are formed as well on a reference 
mark plate 6 of the wafer stage side in the scanning direction. 
The reticle and the plate 6 are moved in the scanning direction, 
an error of the images 29AW, 30AW and the marks 35A, 36A is 
obtained by a reticle alignment microscope, an error of the 
other image and the reference mark is similarly obtained, these 
errors are corrected by a measuring error of a coordinate 
measuring system, thereby obtaining a conversion parameter 
between a reticle coordinate system and a wafer coordinate 
system. 
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* NOTICES * 

iTPO and NCIPI are not responsible £or any 
dazoages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattem image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through a projection optical system. By scanning said mask and said substrate 
synchronously relatively to the lighting field of said predetermined configuration In the approach of 
exposing the pattem image of an area larger than the lighting field of said predetermined configuration on 
said mask on said substrate Two or more marks for measurement are formed towards said relative scan on 
said mask. The reference mark member by which two or more reference marks were formed in these two or 
more marks for measurement and a location [****/ almost ] is arranged on said stage. Said mask and said 
substrate are moved synchronizing with the direction of said relative scan. Sequential measurement of the 
amount of location gaps of one mark for measurement in two or more marks for measurement on said mask 
and the reference mark to which it corresponds on said stage is carried out. The projection exposure 
approach characterized by asking for the response relation between the system of coordinates on said mask, 
and the system of coordinates on said stage fi'om each amount of location gaps of said two or more marks 
for measurement and said two or more reference marks. 

[Claim 2] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattem image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through a projection optical system. By scanning said mask and said substrate 
synchronously relatively to the lighting field of said predetermined configuration In the approach of 
exposing the pattem image of an area larger than the lighting field of said predetermined configuration on 
said mask on said substrate The alignment system of the off-axis method for detecting the location of the 
mark for positioning on said substrate near said projection optical system is arranged. Two or more marks 
for measurement are formed towards said relative scan on said mask. The reference mark member in which 
the 1 st and 2nd reference marks were formed at spacing corresponding to spacing of the reference point in 
the exposure field of said projection optical system and the reference point of the alignment system of said 
off-axis method is arranged on said stage. Where said 2nd reference mark on said criteria member is 
observed by the alignment system of said off-axis method Move said mask towards said relative scan, and 
sequential measurement of the amount of location gaps of one mark for measurement in two or more marks 
for measurement on said mask and said 1st reference mark on said stage is carried out. From the amount of 
location gaps of said 2nd reference mark observed by the average of each amount of location gaps of said 
two or more marks for measurement and said 1st reference mark, and the alignment system of said off-axis 
method The projection exposure approach characterized by asking for spacing of the reference point in the 
exposure field of said projection optical system, and the reference point of the alignment system of said ofif- 
axis method. 

[Claim 3] While making it correspond to two or more marks for measurement on said mask and forming two 
or more said 1st reference mark on said reference mark member Two or more said 2nd reference mark is 
formed fi-om these two or more 1 st reference marks at spacing corresponding to spacing of the reference 
point in the exposure field of said projection optical system, and the reference point of the alignment system 
of said off-axis method, respectively. Said mask and said stage are moved synchronizing with the direction 
of said relative scan. While carrying out sequential measurement of the amount of location gaps of one mark 
for measurement in two or more marks for measurement on said mask, and said 1st reference mark to which 
it corresponds on said stage The reference mark to which it corresponds of said two or more 2nd reference 
marks by the alignment system of said off-axis method is observed. From the average of the amount of 
location gaps of two or more of said 2nd reference marks observed by the average of each amount of 
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location gaps of said two or more marks for measurement and said two or more 1st reference marks, and the 
alignment system of said off-axis method The projection exposure approach according to claim 2 
characterized by asking for spacing of the reference point in the exposure field of said projection optical 
system, and the reference point of the alignment system of said off-axis method. 

[Claim 4] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattern image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through a projection optical system. By scanning said mask and said substrate 
synchronously relatively to the lighting field of said predetermined configuration In the approach of 
exposing the pattem image of an area larger than the lighting field of said predetermined configuration on 
said mask on said substrate Two or more marks for measurement are formed towards said relative scan on 
said mask. The reference mark member by which two or more reference marks were formed in these two or 
more marks for measurement and a location [****/ almost ] is arranged on said stage. Said mask and said 
substrate are moved synchronizing with the direction of said relative scan. Sequential measurement of the 
amount of location gaps of one mark for measurement in two or more marks for measurement on said mask 
and the reference mark to which it corresponds on said stage is carried out. The 1st process which calculates 
each amoimt of location gaps of said mark for measurement and said reference mark; The amount of 
location gaps of one mark for measurement predetermined [ of two or more marks for measurement on said 
mask ] and the reference mark to which it corresponds on said stage is measured only once. The 2nd process 
which calculates the amount of location gaps of said mark for measurement and said reference mark; One of 
said 1st process and said 2nd process is chosen. The projection exposure approach characterized by having 
the 3rd process which asks for the response relation between the system of coordinates on said mask, and 
the system of coordinates on said stage based on each amount of location gaps of the mark for [ with which 
it asked at the selected process ] said measurement, and said reference mark, and;. 

[Claim 5] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattem image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through a projection optical system. By scanning said mask and said substrate 
synchronously relatively to the lighting field of said predetermined configuration In the approach of 
exposing the pattem image of an area larger than the lighting field of said predetermined configuration on 
said mask on said substrate The alignment system of the off-axis method for detecting the location of the 
mark for positioning on said substrate near said projection optical system is arranged. Two or more marks 
for measurement are formed towards said relative scan on said mask. The reference mark member by which 
two or more reference marks were formed in these two or more marks for measurement and a location 
[****/ almost ] is arranged on said stage. These two or more reference marks consist of the 1st and 2nd 
reference marks arranged at spacing corresponding to spacing of the reference point of said projection 
optical system, and the reference point of the alignment system of said off-axis method. Where said 2nd 
reference mark on said reference mark member is observed by the alignment system of said off-axis method 
Said mask is moved towards said relative scan. The 1st process which carries out sequential measurement of 
the amount of location gaps of one mark for measurement in two or more marks for measurement on said 
mask, and said 1 st reference mark; where said 2nd reference mark on said reference mark member is 
observed by the alignment system of said off-axis method The 2nd process which measures the amount of 
location gaps of one predetermined mark for measurement in two or more marks for measurement on said 
mask, and said 1st reference mark; It is as a result of [ in the 3rd process which chooses one of said 1st 
process and said 2nd process, and the process chosen at the; this 3rd process ] measurement. From each 
amount of location gaps of said mark for measurement and said reference mark, and the amovmt of location 
gaps of said 2nd reference mark observed by the alignment system of said off-axis method The projection 
exposure approach characterized by having the 4th process which asks for spacing of the response relation 
between the system of coordinates on said mask, and the system of coordinates on said stage, and the 
reference point in the exposure field of said projection optical system and the reference point of the 
alignment system of said off-axis method, and;. 

[Claim 6] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattem image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through a projection optical system. By scanning said mask and said substrate 
synchronously relatively to the lighting field of said predetermined configuration In the approach of 
exposing the pattem image of an area larger than the lighting field of said predetermined configuration on 
said mask on said substrate The alignment system of the off-axis method for detecting the location of the 
mark for positioning on said substrate near said projection optical system is arranged. Two or more marks 
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for measurement are formed towards said relative scan on said mask. The reference mark member by which 
two or more reference marks were formed in these two or more marks for measurement and a location 
[****/ almost ] is arranged on said stage. These two or more reference marks consist of the 1st and 2nd 
reference marks formed at spacing corresponding to spacing of the reference point of said projection optical 
system, and the reference point of the aUgnment system of said off-axis method. Whenever it carries out 
predetermined number-of-sheets exchange of said substrate, where said 2nd reference mark on said 
reference mark member is observed by the alignment system of said off-axis method The amount of location 
gaps of one predetermined mark for measurement in two or more marks for measurement on said mask and 
said 1st corresponding reference mark is measured. From the measured this amount of location gaps, and the 
amount of location gaps of said 2nd reference mark observed by the alignment system of said off-axis 
method, the response relation between the system of coordinates on said mask, and the system of 
coordinates on said stage, The projection exposure approach characterized by asking for spacing of the 
reference point in the exposure field of said projection optical system, and the reference point of the 
alignment system of said off-axis method. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is applied to the projection aligner of for example, a slit scan 

exposure method, and relates to the suitable projection exposure approach. 

[0002] 

[Description of the Prior Art] In case a semiconductor device, a liquid crystal display component, or the thin 
film magnetic head is manufactured at a photolithography process, the projection aligner which imprints a 
photo mask or the pattern of reticle (it is hereafter named "reticle" generically) on the substrates (a wafer, 
glass plate, etc.) with which it was applied to sensitization material is used. As a conventional projection 
aligner, each shot field of a wafer was moved into the exposure field of a projection optical system one by 
one, and many cutback projection mold aligners (stepper) of the step-and-repeat method of exposing the 
pattern image of reticle one by one to each shot field were used. 

[0003] Drawing 18 shows the conventional stepper's important section, a wafer 5 is laid on the wafer stage 4 
in this drawing 1 8 , and the reference mark plate 57 is being fixed on the wafer stage 4 near this wafer 5. 
And projection exposure of the image of the pattern on reticle 12 is carried out to each shot field on a wafer 
5 throu^ a projection optical system 8 under the exposure light from the illumination-light study system by 
which the graphic display abbreviation was carried out. Under the present circumstances, since the wafer 
stage 4 is driven along with wafer system of coordinates, it is necessary to measure the angle of rotation 
over the location on the wafer system of coordinates of reticle 12, and the wafer system of coordinates of 
reticle 12. Therefore, two alignment marks (reticle mark) 60R and 61 R are formed so that it may counter 
near the pattern space of reticle 12, and on the reference mark plate 57, two reference marks 60F and 61 F 
are formed at spacing equal to spacing on the design on the wafer 5 of these reticle marks 60R and 61R. 
[0004] Moreover, on the reticle marks 60R and 61R of reticle 12, the reticle alignment microscopes 58 and 
59 are arranged, respectively. The reticle alignment microscopes 58 and 59 are equipped with the sensor 
which can observe simultaneously the source of the illumination light which injects the alignment light of 
the same wavelength as exposure light, respectively, the reticle mark on reticle 12, the alignment mark on a 
wafer 5 (wafer mark), or the reference mark on the reference mark plate 57. In case exposure to a wafer 5 is 
performed by the stepper of drawing 1 8 , the image of the pattern on reticle 12 is exposed by each shot field 
of a wafer 5, respectively by moving by the step-and-repeat method one by one only on the wafer stage 4. 
[0005] In this stepper, in exposing the pattem image of reticle 12 fiirther on the circuit pattern on the wafer 5 
formed at the before process, there is the need of taking a response with the wafer system of coordinates 
which specify the coordinate of each shot field on a wafer 5, and the Reticulum label system which specifies 
the coordinate of the pattem on reticle 12 (that is, alignment being performed). In the case of the stepper, the 
one-shot area size on the exposure field of a projection optical system 8 and a wafer 5 was equal, and since 
it was not necessary to drive reticle 12 in case it exposes, the response of wafer system of coordinates and a 
Reticulum label system had been taken as follows. 

[0006] That is, after driving the wafer stage 4 and moving the reference mark plate 57 into the exposure 
field of a projection optical system 8, one reticle alignment microscope 58 detected the amount of location 
gaps of reticle mark 60R and reference mark 60F, under the reticle alignment microscope 59 of another side, 
the amount of location gaps of reticle mark 61 R and reference mark 61 F was detected, and the location of 
the pattem of the reticle 12 on wafer system of coordinates was calculated fi-om the amount of these 
locations gaps. Furthermore, the angle of rotation of the reticle 12 on wafer system of coordinates was 
measured by moving reference mark 60F to the location of reference mark 6 IF, and detecting the amount of 
location gaps of reticle mark 61 R and reference mark 60F xmder the reticle alignment microscope 59. And 
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matching with wafer system of coordinates and a Reticulum label system was eventually performed by 
rotating reticle 12 or the wafer stage 4, and amending the angle of rotation. 

[0007] Moreover, in drawing 18 , in order to detect the location of each alignment mark (wafer mark) 
formed corresponding to each shot field on a wafer 5, the alignment microscope 34 of an off-axis method is 
formed in the lateral portion of a projection optical system 8. In this case, based on the location of the wafer 
mark detected under this alignment microscope 34, the shot field on the corresponding wafer 5 is set up in 
the exposure field of a projection optical system 8. Therefore, it is necessary to calculate the so-called 
amount of base lines which is spacing of the reference point in the exposure field of a projection optical 
system 8 (for example, exposure core), and the reference point 62 of the observation field of the alignment 
microscope 34 of an off-axis method beforehand. 

[0008] In the conventional stepper, when measuring such an amount of base lines, after measuring the 
amount of location gaps with the conjugate image of the reticle marks 60R and 61 R and reference marks 
60F and 6 IF, only the amount equal to the design value of the amount of base lines moved the wafer stage 
4, and was measuring the amount of location gaps with the reference mark to which it corresponds on the 
reference point 62 and reference mark plate 57 under the alignment microscope 34. The amount of base 
lines was calculated from those amounts of location gaps. 
[0009] 

[Problem(s) to be Solved by the Invention] Since the pattem has made it detailed in a semiconductor device 
etc. in recent years, heightening the resolution of a projection optical system is called for. Although there is 
technique, such as short- wavelength-izing of the wavelength of exposure light or buildup of the numerical 
aperture of a projection optical system, among the technique for heightening resolution, if it is going to 
secure the exposure field of same extent as the conventional example even when using which technique, it 
will become difficult to maintain image formation engine performance (distortion, curvature of field, etc.) 
for a predetermined precision all over the exposure field. Then, the so-called projection aligner of a slit scan 
exposure method is improved now. 

[0010] In the projection aligner of this slit scan exposure method, the pattem of that reticle is exposed on a 
wafer, synchronizing relatively and scanning reticle and a wafer to the shape of a rectangle, and the hghting 
field (henceforth a "slit-Hke lighting field") of circular **. Therefore, if the pattem of the same area as a 
stepper method is exposed on a wafer, by the slit scan exposure method, compared with a stepper method, 
the exposure field of a projection optical system can be made small, and the precision of the image 
formation engine performance in the exposure field may improve. 

[001 1] Although the mainstream of the magnitude of the conventional reticle was 6 inch size and the 
mainstream of the projection scale factor of a projection optical system was 1/5 time, the magnitude of the 
reticle in a basis 1/5 time the scale factor of this has stopped moreover, 6 inch size being of use with large 
area-ization of circuit patterns, such as a semiconductor device. Therefore, it is necessary to design the 
projection aligner which changed the projection scale factor of a projection optical system 1/4 time. And 
also in order to respond to large area-ization of such a transferred pattem, a slit scan exposure method is 
advantageous. 

[0012] In the projection aligner of this slit scan exposure method, when the technique of matching with the 
Reticulum label system and wafer system of coordinates which were used by the conventional stepper is 
applied, since the projection scale factor increased 1/4 time, there is inconvenience that alignment precision 
deteriorates according to the drawing error of the circuit pattem on reticle. Furthermore, in Japanese Patent 
Application No. No. 169781 [ three to ], the technique which resembles measuring simultaneously the 
amount of location gaps of two or more marks for measurement, and measures the angle of rotation of 
reticle more is proposed, without moving a wafer stage in a stepper. However, the concept of measurement 
of the angle of rotation by simultaneous measurement of two or more of these marks for measurement could 
not be used for the scanning direction of the projection aligner of a slit scan exposure method, but there was 
inconvenience that the angle of rotation of a Reticulum label system and wafer system of coordinates and 
coordinate perpendicularity of these system of coordinates could not measure with a sufficient precision in 
it. 

[0013] Moreover, by having applied the measurement approach using one mark (two pieces) on the reticle 
in the conventional stepper to the projection aligner of a slit scan exposure method as it was, there is 
inconvenience of being greatly influenced of the drawing error of reticle, about the measurement approach 
of the amotmt of base lines which is spacing of the criteria location in the exposure field of a projection 
optical system, and the criteria location of the alignment system of an off-axis method. 
[0014] In view of this point, in the projection aligner of a slit scan exposure method, this invention reduces 
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the effect of the drawing error of the pattern on reticle (mask), and aims at offering the projection exposure 
approach that matching with a Reticulum label system (mask system of coordinates) and wafer system of 
coordinates (substrate system of coordinates) can be performed to accuracy. Depending on [ accuracy / of 
the matching ] a process, quick nature may be thought as important about this. Then, this invention aims at 
offering the projection exposure approach of performing matching with a Reticulum label system (mask 
system of coordinates) and wafer system of coordinates (substrate system of coordinates) by the high 
throughput. 

[0015] Furthermore, in the projection aligner of a slit scan exposure method, this invention reduces the 
effect of the drawing error of the pattem on reticle (mask), and aims also at offering the projection exposure 
approach which can measure the amovmt of base lines which is spacing of the origin/datum of the exposure 
field of a projection optical system, and the origin/datum of the alignment system of an off-axis method to 
high degree of accuracy. 

[0016] Moreover, whenever it exchanges the wafer of predetermined number of sheets, when performing 
base-line measurement, for example, while greater importance may be attached than to correctness to quick 
nature, it is desirable to perform matching with a Reticulum label system (mask system of coordinates) and 
wafer system of coordinates (substrate system of coordinates) simultaneously. Then, in case this invention 
measures the amount of base lines for every predetermined wafer turnover rate, it aims at offering the 
projection exposure approach of performing matching with a Reticulum label system (mask system of 
coordinates) and wafer system of coordinates (substrate system of coordinates), and its base-line 
measurement by the high throughput. 
[0017] 

[Means for Solving the Problem] The 1st projection exposure approach by this invention illuminates the 
lighting field of a predetermined configuration by the illumination light. The pattem image on the mask in 
the lighting field of said predetermined configuration (12) is exposed to the substrate (5) on a stage (4) 
through a projection optical system (8). By scanning a mask (12) and a substrate (5) synchronously 
relatively to the lighting field of the predetermined configuration In the approach of exposing the pattem 
image of an area larger than the lighting field of the predetermined configuration on a mask (12) on a 
substrate (5) Two or more marks for measurement (29A-29D) are formed towards the relative scan on a 
mask (12). The reference mark member (6) by which two or more reference marks (35A-35D) were formed 
in the mark for measurement of these plurality and the location [****/ almost ] is arranged on a stage (4). 
A mask (12) and a substrate (5) are moved synchronizing with the direction of tiie relative scan. Sequential 
measurement of the amount of location gaps with the reference mark (3 5 A, 35B, ..) to which it corresponds 
on one mark for measurement in a mark (29 A, 29B, ....) and stage (4) for measurement of the plurality on a 
mask (12) is carried out. It asks for the response relation between the system of coordinates on a mask (12), 
and the system of coordinates on a stage (4) fi*om each amount of location gaps of the mark for 
measurement of these plurality, and the reference mark of these plurality. 

[001 8] Moreover, the 2nd projection exposure approach by this invention is set in the same premise section 
as above-mentioned invention. The alignment system (34) of the off-axis method for detecting the location 
of the mark for positioning on a substrate (5) near the projection optical system (8) is arranged. Two or more 
marks for measurement (29A-29D) are formed towards the relative scan on a mask (12). The reference mark 
member (6) in which the 1st reference mark (3 5 A) and 2nd reference mark (3 7 A) were formed at spacing 
corresponding to spacing of the reference point in the exposure field of a projection optical system (8) and 
the reference point of tfie alignment system (34) of an off-axis method is arranged on a stage (4). 
[0019] And where the 2nd reference mark (37A) on a criteria member (6) is observed by the alignment 
system (34) of an off-axis method Move a mask (12) towards said relative scan, and sequential measurement 
of the amount of location gaps with the 1st reference mark (3 5 A) on one mark for meeisurement in a mark 
(29A, 29B, ....) and stage (4) for measurement of the plurality on a mask (12) is carried out. From the 
amount of location gaps of the 2nd reference mark observed by the average of each amount of location gaps 
of the mark for measurement of these plurality, and these 1st reference marks, and the alignment system 
(34) of an off-axis method It asks for spacing of the reference point in the exposure field of a projection 
optical system (8), and the reference point of the alignment system (34) of an off-axis method. 
[0020] Moreover, the 3rd projection exposure approach of this invention is set to the 2nd projection 
exposure approach. While making two or more marks for measurement (29A-29D) on a mask (12) 
correspond on a reference mark member (6) and forming two or more (35A-35D) the 1st reference mark 
Two or more (37A-37D) the 2nd reference mark is formed [ fi-om the 1st reference mark (35A-35D) of these 
plurality ] at spacing corresponding to spacing of the reference point in the exposure field of a projection 
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optical system (8), and the reference point of the aUgnment system (34) of an off-axis method, respectively. 
A mask (12) and a stage (4) are moved synchronizing with the direction of the relative scan. While carrying 
out sequential measurement of the amount of location gaps with the 1st reference mark (3 5 A, 35B, ..) to 
which it corresponds on one mark for measurement in a mark (29A, 29B, ....) and stage (4) for measurement 
of the plurahty on a mask (12) The reference mark (3 7 A, 37B, ....) to which it corresponds of two or more 
2nd reference marks by the alignment system (34) of an off-axis method is observed. From the average of 
the amount of location gaps of the 2nd reference mark of these plurality observed by the average of each 
amount of location gaps of the mark for measurement of these plurality, and the 1 st reference mark of these 
plurality, and the alignment system (34) of an off-axis method It asks for spacing of the reference point in 
the exposure field of a projection optical system (8), and the reference point of the alignment system (34) of 
an off-axis method. 

[0021] Next, the 4th projection exposure approach of this invention is set in the same premise section as 
above-mentioned invention. Like the 1st above-mentioned projection exposure approach A mask (12) Two 
or more upper marks for measurement (29A, 29B, -), and a corresponding reference mark The 1st process 
which calculates each amount of location gaps with (3 5 A, 35B, -); The amount of location gaps of one 
mark for measurement predetermined [ of two or more marks for measurement on the mask ] (29A) and the 
reference mark (3 5 A) to which it corresponds on the stage is measured only once. The 2nd process which 
calculates the amount of location gaps of the mark for measurement (29 A), and a reference mark (3 5 A) in 
simple; One of the 1st process and its 2nd process is chosen. It has the 3rd process and; which ask for the 
response relation between the system of coordinates on a mask (12), and the system of coordinates on a 
stage (4) based on each amount of location gaps of the mark for [ with which it asked at this selected 
process ] that measurement, and its reference mark. 

[0022] Moreover, the 5th projection exposure approach of this invention is set in the same premise section 
as above-mentioned invention. Like the 2nd above-mentioned projection exposure approach, where the 2nd 
reference mark (37A, 37B, — ) on a reference mark member (6) is observed by the alignment system of an 
ofif-axis method A mask (12) is moved towards the relative scan. A mask (12) Two or more upper marks for 
measurement Where the 2nd reference mark (3 7 A) on a reference mark member (6) is observed by the 
alignment system of the 1 st process and; off-axis method which carries out sequential measurement of the 
amount of location gaps of one mark for measurement in (29A, 29B, — ), and the 1st reference mark (3 5 A, 
35B, — ) A mask ; (12) — the 2nd process which measures the amount of location gaps of one predetermined 
mark for measurement in two or more upper marks for measurement (29 A), and the 1st reference mark 
(3 5 A) in simple, and; — with the 3rd process which chooses one of these 1st processes and the 2nd process 
The amoimt of location gaps of the mark for [ which it is as a result of / in the process chosen at this 3rd 
process / measurement ] that measurement, and its reference mark. From the amount of location gaps of the 
2nd reference mark observed by the alignment system of the off-axis method, and the response relation 
between the system of coordinates on the mask, and the system of coordinates on the stage. It has the 4th 
process and; which ask for spacing (the amount of base lines) of the origin/datum in the exposure field of 
the projection optical system, and the origin/datum of the alignment system of the off-axis method. 
[0023] Moreover, the 6th projection exposure approach of this invention is set in the same premise section 
as above-mentioned invention. The alignment system (34) of the off-axis method for detecting the location 
of the mark for positioning on a substrate (5) near the projection optical system (8) is arranged. Two or more 
marks for measurement (29A, 29B, — ) are formed towards the relative scan on a mask (12). The reference 
mark member (6) by which two or more reference marks were formed in the mark for measurement of these 
plurality and the location [****/ almost ] is arranged on a stage (4). Whenever the reference mark of these 
plurality consists of the 1st (A [ 35 ],B [ 35 ], -) and 2nd (A [ 37 ],B [ 37 ], -) reference marks formed at 
spacing corresponding to spacing of the reference point of the projection optical system, and the reference 
point of the alignment system of the off-axis method and it carries out predetermined number-of-sheets 
exchange of the substrate (5) Where the 2nd reference mark (3 7 A) on a reference mark member (6) is 
observed by the alignment system of the off-axis method The amount of location gaps of one predetermined 
mark for measurement (29 A) in two or more marks for measurement on a mask (12) and the 1st 
corresponding reference mark (3 5 A) is measured. From the measured amount of location gaps, and the 
amount of location gaps of the 2nd reference mark (3 7 A) observed by the alignment system of the off-axis 
method, thus, the response relation between the system of coordinates on the mask, and the system of 
coordinates on the stage. It asks for spacing (the amount of base lines) of the origin/datum in the exposure 
field of the projection optical system, and the origin/datum of the alignment system of the off-axis method. 
[0024] 
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[Function] In the 1st projection exposure approach of this this invention, two or more marks for 
measurement are arranged on a mask (12), those marks for measurement and a reference mark [****/ 
almost ] are arranged on a reference mark member (6), and a location gap of each mark is measured with 
delivery by the stepping method in a mask (12) and a stage (4). And according to the location gap called for 
in each location, the effect of the drawing error of the mark for measurement on a mask (12) can be 
eventually suppressed small by asking for the parameter (offset of a scale factor, the scaling of a scanning 
direction, a revolution, the parallelism of a scanning direction, the direction of X, and the direction of Y) 
which matches mask system of coordinates and substrate system of coordinates by the least squares 
approximation etc. Moreover, since mark measurement of the direction of a relative scan is performed 
independently one by one, it turns into un-simultaneous measurement, but since it measures by two or more 
places, it has the equalization effectiveness and the high-degree-of-accuracy measurement of it is attained. 
[0025] Moreover, according to the 2nd projection exposure approach, by equalizing the measurement result 
about two or more marks for measurement by the side of a mask (12), effect of the drawing error of the 
mark for measurement of a mask (12) is made small, and the amount of base lines which is spacing of the 
origin/datum of a projection optical system (8) and the origin/datum of an alignment system (34) can be 
measured to accuracy. Moreover, while according to the 3rd projection exposure approach making two or 
more marks for measurement (29A-29D) on a mask (12) correspond on a reference mark member (6) and 
forming two or more (35A-35D) the 1st reference mark Since two or more (37A-37D) the 2nd reference 
mark is formed [ from the 1st reference mark (35A-35D) of these plurality ] at spacing corresponding to 
spacing of the reference point in the exposure field of a projection optical system (8), and the reference point 
of the alignment system (34) of an off- axis method, respectively. Since equalization is performed also for a 
reference mark side, the amount of base lines is measured more by accuracy. 

[0026] Next, according to the 4th projection exposure approach of this invention, when the 2nd process is 
chosen, the amount of location gaps of the mark for measurement (29A) and a reference mark (3 5 A) is 
measured only once, when a high throughput is required, and high degree of accuracy is required, the 
demand to quick nature can also be filled by performing the 1st process. In this case, in the 1st process, 
when it memorizes in quest of the amount of location gaps (this is called a "mark error") from the original 
location of the mark for measurement (29A) further beforehand and the 2nd process is performed, the 
demand of both high throughputs and high degree of accuracy can be met by amending that mark error. 
[0027] Similarly, when a high throughput is required according to the 5th projection exposure approach 
Where it chose the 2nd process and the 2nd reference mark (3 7 A) is observed by the alignment system (34) 
When the amount of location gaps of one mark for measurement (29A) and the 1st reference mark (3 5 A) is 
measured only once and high degree of accuracy is required, the demand to quick nature can also be filled 
by performing the 1st process. In this case, in the 1st process, when it memorizes in quest of the mark error 
fiirther beforehand and the 2nd process is performed, the demand of both high throughputs and high degree 
of accuracy can be met by amending that mark error. 

[0028] Moreover, whenever it carries out predetermined number-of-sheets exchange of the substrate (5) 
according to the 6th projection exposure approach (i.e., whenever it exposes to the substrate (5) of 
predetermined number of sheets), where the 2nd reference mark (3 7 A) is observed by the alignment system 
(34) of an off-axis method The amount of location gaps of one mark for measurement (29A) and the 1st 
reference mark (3 5 A) is measured only once, and the response relation and the amount of base lines of the 
system of coordinates on a mask and the system of coordinates on a stage are calculated from this 
measurement result. Therefore, measurement is performed by the high throughput. 
[0029] 

[Example] Hereafter, with reference to a drawing, it explains per 1st example of the projection exposure 
approach by this invention. This example applies this invention, when exposing the pattem of reticle on a 
wafer with the projection aligner of a slit scan exposure method. Drawing 1 shows the projection aligner of 
this example, the pattem on reticle 12 is illuminated by the lighting field (henceforth a "slit-like lighting 
field") of the rectangle by the exposure light EL from the illumination-light study system by which the 
graphic display abbreviation was carried out in this drawing 1 , and projection exposure of the image of that 
pattem is carried out on a wafer 5 through a projection optical system 8. In this case, synchronizing with 
reticle 12 being scanned with constant speed V forward to the space of drawing 1 , a wafer 5 is scanned 
backward to the space of drawing 1 to the lighting field of the shape of a slit of the exposure light EL by 
constant speed V/M (1/M is the cutback scale factor of a projection optical system 8). 
[0030] The reticle Y actuation stage 10 which can be freely driven to Y shaft orientations (direction vertical 
to the space of drawing 1 ) on the reticle susceptor 9 is laid by explaining the drive system of reticle 12 and 
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a wafer 5, the reticle minute actuation stage 1 1 is laid on this reticle Y actuation stage 10, and reticle 12 is 
held by the vacuund chuck etc. on the reticle minute actuation stage 1 1 . As for the reticle minute actuation 
stage 11, only a minute amount carries out position control of reticle 12 to high degree of accuracy in a field 
vertical to the optical axis of a projection optical system 8 in the direction of X parallel to space, the 
direction of Y, and hand of cut (the direction of theta) of drawing 1 , respectively. It always acts as the 
monitor of the location of the direction of X of the reticle minute actuation stage 1 1 , the direction of Y, and 
the direction of theta with the interferometer 14 which the migration mirror 21 has been arranged on the 
reticle minute actuation stage 11, and has been arranged on the reticle susceptor 9. The positional 
information SI acquired by the interferometer 14 is supplied to main control system 22 A. 
[0031] On the other hand on the wafer susceptor 1, the wafer Y-axis actuation stage 2 which can be fi-eely 
driven to Y shaft orientations is laid, the wafer X-axis actuation stage 3 which can be freely driven to X 
shaft orientations is laid on it, Ztheta shaft actuation stage 4 is formed on it, and the wafer 5 is held by 
vacuum adsorption on this Ztheta shaft actuation stage 4. The migration mirror 7 is fixed also on Ztheta 
shaft actuation stage 4, it acts as the monitor of the location of the direction of X of Ztheta shaft actuation 
stage 4, the direction of Y, and the direction of theta with the interferometer 13 arranged outside, and the 
positional information acquired by the interferometer 13 is also supplied to main control system 22 A. Main 
control system 22A controls actuation of the whole equipment while controlling positioning actuation of the 
wafer Y-axis actuation stage 2, the wafer X-axis actuation stage 3, and Ztheta shaft actuation stage 4 
through wafer driving gear 22B etc. 

[0032] Moreover, although mentioned later, in order to take the response of the wafer system of coordinates 
specified by the coordinate measured by the interferometer 13 by the side of a wafer, and the Reticulum 
label system specified by the coordinate measured by the interferometer 14 by the side of reticle, the 
reference mark plate 6 is being fixed near the wafer 5 on Ztheta shaft actuation stage 4. On this reference 
mark plate 6, various reference marks are formed like the after-mentioned. The reference mark currently 
illuminated from the background by the illvimination light led to Ztheta shaft actuation stage 4 side, i.e., a 
luminescent reference mark, is in these reference marks. 

[0033] The reticle alignment microscopes 19 and 20 for observing simultaneously the reference mark on the 
reference mark plate 6 and the mark on reticle 12 are equipped above the reticle 12 of this example. In this 
case, if deflection Miller 15 and 16 for leading the detection light from reticle 12 to the reticle alignment 
microscopes 19 and 20, respectively is stationed free [ migration ] and an exposure sequence is started, 
deflection Miller 15 and 16 will be evacuated by the Miller driving gears 17 and 18 under the conmiand 
from main control system 22A, respectively. Furthermore, the alignment equipment 34 of the off-axis 
method for observing the alignment mark on a wafer 5 (wafer mark) to the lateral portion of the direction of 
Y of a projection optical system 8 is arranged. 

[0034] Moreover, keyboard 22C for inputting the command from an operator is connected to main control 
system 22A. There is quick mode for measuring the amount of base lines etc. in simple like the after- 
mentioned other than the mode which measures to high degree of accuracy in the projection aligner of this 
example, and the mode which an operator performs to main control system 22A through keyboard 22C after 
this directs high-degree-of-accixracy mode or quick mode. 

[0035] Next, in the projection aligner of this example, it explains with reference to the flow chart of drawing 
2 per sequence after loading a wafer 5 and reticle 12 until it ends alignment. In step 101 of drawing 2 , 
PURIARAIMENTO of reticle 12 is first performed on appearance criteria on a reticle loader (after- 
mentioned). Drawing 3 shows the reticle loader system for conveying reticle 12 on the reticle minute 
actuation stage 1 1 of drawing 1 , and the reticle loader of this drawing 3 consists of two reticle arms 23A 
and 23B, an arm revolving shaft 25 connected with these reticle arms 23A and 23B, and a rolling 
mechanism 26 which rotates this arm revolving shaft 25. The slots 24 A and 24B for vacuum adsorption are 
formed in the reticle installation side of the reticle arms 23A and 23B, respectively, and the reticle arms 23A 
and 23B are supported so that it can rotate independently through the arm revolving shaft 25, respectively. 
[0036] At the time of loading of reticle 12, reticle 12 is received and passed on reticle arm 23 A from other 
reticle conveyance devices (un-illustrating) by location A3. In this case, reticle arm 23B of another side is 
used for taking out of the reticle used for example, at the before process. Next, after alignment of the reticle 
12 is carried out to a fixed precision on appearance criteria on reticle arm 23 A by the reticle appearance 
PURIARAIMENTO device (un-illustrating) installed near location A3, vacuum adsorption of the reticle 12 
is carried out on reticle arm 23 A by it. Next, in step 102 of drawing 2 , a rolling mechanism 26 rotates 
reticle arm 23 A through the arm revolving shaft 25, and moves reticle 12 to the location B3 of the direction 
(position in readiness of the reticle actuation stage 10 of drawing 1 (delivery location)) of Y. 
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[0037] At this time, slot 24A for vacuum adsorption is the direction which intersected perpendicularly with 
the adsorption location on the reticle minute actuation stage 1 1 , and it is in the condition which moved to the 
tip of the direction of y whose reticle minute actuation stage 1 1 is a scanning direction since it was in the 
location besides the pattem space of reticle 12, and reticle arm 23 A can take reticle 12 now in and out of on 
the reticle minute actuation stage 1 1 freely. If reticle 12 reaches on the reticle minute actuation stage 1 1 
(refer to drawing 1 ), it will fall in - Z direction, reticle 12 will be laid in the vacuum adsorption side on the 
reticle minute actuation stage 11, and reticle arm 23 A will evacuate the arm revolving shaft 25 after the 
completion of delivery of reticle 12. Then, the reticle minute actuation stage 1 1 conveys reticle 12 in the 
location C3 direction, and goes to it. In this case, the reticle arms 23 A and 23 B are that drive independently, 
for example, each performs a reticle load and a reticle unload simultaneously, and the reticle rate of 
exchange is improving. 

[0038] Next, although alignment of reticle 12 is performed at 103 or less step of drawing 2 , it explains per 
the device for it, and actuation. Drawing 4 (a) shows arrangement of the alignment mark on reticle 12 
(reticle mark), and drawing 4 (b) shows the slit-like lighting ****** 32 grade within the effective exposure 
field of a projection optical system, and field 33R[****]on reticle. A direction vertical to the direction of 
y is made into x directions by making a scanning direction into the direction of y. In drawing 4 (a), the 
reticle mark which the protection-fi-om-light section 3 1 is formed in the perimeter of the pattem space of the 
center section on reticle 12, and is formed in the outside of this protection-fi-om-Ught section 3 1 is divided 
into the fine alignment marks 29A-29D, and 30A-30D. [ the alignment marks 27 and 28 for a rough search, 
and ] The alignment mark 27 for a rougji search by the side of the right-hand side is formed along the 
direction of y which is a scanning direction fi-om a long straight-line-like pattem and the cross-joint pattem 
formed in the both ends of this straight-line-like pattem, and the alignment mark 28 for a rough search by 
the side of left part is constituted as symmetrically as the alignment mark 27 for a rough search by the side 
of the right-hand side. 

[0039] Moreover, between the protection-firom-light section 31 by the side of the right-hand side, and one 
cross-joint pattem of the alignment mark 27 for a rough search, it approaches in the direction of y and the 
fine alignment marks 29 A and 29B are formed, between the protection-fi-om-light section 3 1 by the side of 
the right-hand side, and the cross-joint pattem of another side of the alignment mark 27 for a rough search, it 
approaches in the direction of y and the fine alignment marks 29C and 29D are formed. The fine alignment 
marks 30A-30D are formed in these fine alignment marks 29A-29D and a symmetrical target at the left part 
side. These fine alignment marks 29A-29D, and 30A-30D In drawing 4 (a), while arranging 2 sets of three 
straight-lines-like patterns at intervals of predetermined in the x directions as actually shown in drawing 4 
(c), respectively although only shown as a cross-joint-like mark, 2 sets of three straight-lines-like patterns 
are arranged at intervals of predetermined in the direction of y. 

[0040] In step 103 of drawing 2 , the reticle alignment microscope (henceforth "RA microscope") 20 of 
drawing 1 detects the alignment mark 28 for a rough search by the side of the left part of drawing 4 (a) first. 
In case drawing 4 (b) shows the observation fields 19R and 20R on the reticle 12 of the RA microscopes 19 
and 20 in this case and performs a rough search, the alignment marks 27 and 28 for a rough search are 
outsides [ fields / 19R and 20R / observation ], respectively, and it is the effective exposure field and outside 
field 33R [ **** ]. Although this needs to enlarge the alignment marks 27 and 28 for a rough search for a 
rough search, when the exposure field of a projection optical system is enlarged according to it, it is because 
it is necessary to enlarge the diameter of a projection lens and becomes a cost rise. Then, this example 
explains with reference to drawing 5 per procedure at the time of performing a rough search. 
[0041] It is drawing where drawing 5 (a) reduced the enlarged drawing near [ one ] the cross-joint pattem of 
the alignment mark 28 for a rough search, and drawing 5 (b) reduced drawing 5 (a), and in this drawing 5 (a) 
and (b), the design value of the sum of the drawing error of a pattem and installation error over the 
appearance of reticle 12 is set to deltaR, using width of face of validity visual field 20Ref of the square of 
the RA microscope 20 as W. Therefore, as shown in drawing 5 (b), one cross-joint pattem 28a of the 
alignment mark 28 for a rough search is surely contained in the field of the square of width-of-face deltaR. 
Although the object for detection is the x-coordinate and y-coordinate of the cross-joint pattem 28a, in this 
example, validity visual field 20Ref of the width of face W is aslant scanned in the direction which crosses 
at 45 degrees to biaxial [ of the alignment mark 28 ], i.e., a x axis and the y-axis. And it asks for the x- 
coordinate and y-coordinate of the cross-joint pattem 28a as the x-coordinate and y-coordinate when 
crossing the alignment mark 28 on the occasion of the inclining scan. 

[0042] For that purpose, the number of search screens which is the minimum count which scans the field of 
the square of the width-of-face deltaR by validity visual field 20Ref of the width of face W as what 
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expresses the integer part of the forward real number a with INT (a) is set to {INT(deltaRAV)+l }. It asks for 
this number of search screens beforehand. And to the field of the square of the width-of-face deltaR 
centering on the first effective visual field B5, set up effective visual field A5 of the {INT(deltaRAV)+l } 
individual of width of face W, B5, C5, and .... aslant, respectively, and the reticle minute actuation stage 1 1 
of drawing 1 is driven. The image within each effective visual field is sampled carrying out stepping of each 
effective visual field, and setting up in effective visual field 20Ref of drawing 5 (a) one by one. 
[0043] As shown in drawing 5 (b), at least, cross-joint pattern 28a of the alignment mark 28 for a search 
exists all over the search range of width-of-face delta Rxdelta R, and the alignment mark 28 is fully large to 
the search range. Therefore, if step feed of the effective visual field is carried out in the direction of slant to 
this alignment mark 28, it tums out with the minimum number of screens that the coordinate of cross-joint 
pattem 28a of the alignment mark 28 is detectable. The image processing at that time is good at the single 
dimension image processing to the picture signal which adds the scanning line of all the lines in the 
picturized screen, and is acquired. 

[0044] The various picture signals which drawing 6 added the scanning line of all lines such, and were 
acquired are shown. The picture signal which meets in x directions and the direction of y in which drawing 6 
(a) and (d) are obtained in effective visual field A5 of drawing 5 (b), The picture signal which meets in x 
directions and the direction of y in which drawing 6 (b) and (e) are obtained in effective visual field B5 of 
drawing 5 (b), drawing 6 (c), and (f) are picture signals which meet in x directions and the direction of y 
which are acquired with the effective visual field C5 of drawing 5 (b). The x-coordinate of cross-joint 
pattem 28a is called for from the picture signal of drawing 6 (b), and the y-coordinate of cross-joint pattem 
28a is called for from the picture signal of drawing 6 (f). 

[0045] Thus, after detecting the reticle mark 28 for a search, in step 104 of drawing 2 , the alignment mark 
27 for a rough search is moved to the observation field of the RA microscope 19, and the location of that 
alignment mark 27 is detected similarly shortly. However, the part which does not have the pattem of the 
reference mark plate 6 of drawing 1 in this case is moved into the exposure field of a projection optical 
system 8, and the part without that pattem is illuminated from the pars basilaris ossis occipitalis. Thus, by 
the illumination light injected from the reference mark plate 6, the alignment marks 27 and 28 for these 
rough searches are illuminated fi'om a rear-face side. 

[0046] By the above sequence, the location of the alignment marks 27 and 28 for a rough search to the 
observation fields 19R and 20R of the RA microscopes 19 and 20 of drawing 4 (b) and the response of a 
Reticulum label system can be attached roughly. Moreover, rough matching with the observation fields 19R 
and 20R of RA microscope and wafer system of coordinates can be performed by measuring the reference 
mark on the reference mark plate 6 of drawing 1 under the RA microscopes 19 and 20. Thereby, the rough 
alignment (rough alignment) which is extent with which the fine alignment marks 29A-29D and 30A-30D, 
and the reference mark on the reference mark plate 6 (after-mentioned) do not lap is completed. 
[0047] However, in this example, in order to make small the diameter of a lens of a projection optical 
system 8, the alignment mark on reticle 12 is divided into the alignment mark for a rough search, and the 
fine alignment mark, but when the diameter of a lens of a projection optical system 8 may be enlarged, the 
alignment mark for these rough searches and a fine alignment mark can be carried out to a common mark. 
Even in this case, as shown in drawing 5 , the technique of carrying out step feed in the direction of slant, 
and searching an alignment mark can be diverted, and can also search an alignment mark simultaneously 
under the RA microscopes 1 9 and 20. 

[0048] Next, although ttie sequence of fine alignment is explained, it explains per detailed configuration of a 
wafer stage and a reticle stage before that. Drawing 7 (a) is the top view of a wafer stage, and the wafer 5 
and the reference mark plate 6 are arranged on Ztheta shaft actuation stage 4 in this drawing 7 (a). 
Moreover, on Ztheta shaft actuation stage 4, migration mirror 7X for the X-axes and migration mirror 7Y 
for Y-axes are fixed, lighting field 32W of the shape of a slit corresponding to the lighting field 32 of the 
shape of a slit of drawing 4 (b) are illuminated witii exposure light on a wafer 5, and the observation fields 
19W and 20W are the observation fields 19R and 20R of drawing 4 (b), and conjugation, respectively. 
[0049] It is parallel to the X-axis, and the laser beam LWX and LWof of spacing IL are irradiated by 
migration mirror 7X in accordance with the optical path which passes along the optical axis of a projection 
optical system, and the origin/datum of alignment equipment 34, respectively, and two laser beams LWYl 
and LWY2 of spacing IL are irradiated in accordance with the optical path parallel to a Y-axis at migration 
mirror 7Y. Coordinate value Yl which the coordinate value measxired as an X coordinate of Ztheta shaft 
actuation stage 4 with the interferometer which uses a laser beam LWX was used at the time of exposure, 
and was measured with the interferometer using laser beams LWYl and LWY2 as a Y coordinate, 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/26/2006 



JP,07-176468,A [DETAILED DESCRIPTION] 



Page 9 of 19 



respectively And Y2 The average (Yl-hY2)/2 are used. Moreover, coordinate value Yl Y2 The rotation of 
the hand of cut (the direction of theta) of Ztheta shaft actuation stage 4 is measured from difference. Based 
on those coordinates, the location and angle of rotation of XY flat surface of Ztheta shaft actuation stage 4 
are controlled. 

[0050] Especially the direction of Y that is a scanning direction is using the average of the measurement 
result of two interferometers, and is easing the error by the air fluctuation at the time of a scan etc. according 
to the equalization effectiveness. Moreover, the location of X shaft orientations in the case of using the 
alignment equipment 34 of an off-axis method is a configuration controlled based on the measurement value 
of the exclusive interferometer which uses a laser beam LWof like which the so-called Abbe error does not 
produce. 

[0051] Drawing 7 (b) is the top view of a reticle stage, in this drawing 7 (b), the reticle minute actuation 
stage 1 1 is laid on the reticle Y actuation stage 10, and reticle 12 is held on it. Moreover, two migration 
mirrors 21yl for migration mirror 21x and the y-axes for x axes and 21y2 are fixed to the reticle minute 
actuation stage 1 1, a laser beam LRx is irradiated by parallel in a x axis migration mirror 21x, and laser 
beams LRyl and LRy2 are irradiated [ the migration mirror 21yl and 21y2 ] by parallel at the y-axis, 
respectively. 

[0052] The coordinate of the direction of y of the reticle minute actuation stage 1 1 is the coordinate value yl 
measured with two interferometers which use laser beams LRyl and LRy2 like a wafer stage. And y2 The 
average (yH-y2)/2 are used. Moreover, the coordinate value measured with the interferometer with which a 
laser beam LRx is used for the coordinate of x directions is used. Moreover, coordinate value yl y2 The 
rotation of the hand of cut (the direction of theta) of the reticle minute actuation stage 1 1 is measured from 
difference. 

[0053] In this case, the reflective element of a comer cube mold is used as the migration mirror 21 yl of the 
direction of y which is a scanning direction, and 21y2, and the migration mirror 21yl and the laser beams 
LRyl and LRy2 reflected by 21y2 are reflected and returned by reflective Miller 39 and 38, respectively. 
That is, the interferometer for the reticles is a double pass interferometer, and has composition which a 
location gap of a laser beam does not produce by revolution of the reticle minute actuation stage 1 1 by this. 
Moreover, the slit-like lighting field 32 and the observation fields 19R and 20R of the RA microscopes 19 
and 20 are arranged on reticle 12 like the wafer stage top. And Ztheta shaft actuation stage 4 of reticle 12 
and drawing 7 (a) can be observed now only from the observation fields 19R and 20R. Thus, although it is 
the translation which measures the relation between reticle 12 and Ztheta shaft actuation stage 4, and raises 
the alignment precision at the time of exposure, and the rotational accuracy of reticle 12 and a wafer 5, with 
reference to drawing 8 and drawing 9 , it explains per that approach. 

[0054] Reticle image 12W which drawing 8 (a) projects the reticle 12 of drawing 4 (a) on the reference 
mark plate 6 of drawing 7 (a), and are obtained are shown, and mark image 29AW-29DW [****] and mark 
image 30AW-30DW [****/ the fine alignment marks 30A-30D ] are shown in the fine alignment marks 
29A-29D of drawing 4 (a) in this drawing 8 (a), each - mark image 29AW-29DW and 30AW-30DW are 
configurations which have arranged the three straight-lines-like pattem to four sides, as shown in drawing 8 
(b), respectively. 

[0055] Drawing 8 (c) shows arrangement of the reference mark on the reference mark plate 6, and reference 
marks 35A-35D, and 36A-36D are formed on the reference mark plate 6 of this drawing 8 (c), respectively 
by the almost same arrangement as mark image 29AW-29DW of drawing 8 (a), and 30AW-30DW. These 
reference marks are illuminated by the illumination light of the same wavelength as exposure light from the 
rear face of the reference mark plate 6. Moreover, reference mark 37A is formed in the location which 
separated only spacing IL from the middle point of reference marks 35 A and 36A on the reference mark 
plate 6 in the direction of Y which is a scanning direction. Spacing IL is equal to the amount of base lines 
which is spacing of the origin/datum of a projection optical system 8 and the origin/datum of the alignment 
equipment 34 of an off-axis method in drawing 1 , Similarly, reference marks 37B, 37C, and 37D are 
formed in the location where only spacing IL separated from the middle point of reference marks 35B and 
36B, the middle point of reference marks 35C and 36C, and the middle point of reference marks 35D and 
36D in the direction of Y, respectively. 

[0056] Consisting of [ and ] straight-line-like patterns of seven line x7 train, as reference marks 35A-35D, 
and 36A-36D are shown in drawing 8 (d), respectively, these reference marks 35A-35D, and 36A-36D are 
magnitude settled in the interior of mark image 29AW-30DW of drawing 8 (b). Moreover, reference marks 
37A-37D use the lattice point when it corresponds of the grid pattems formed in the direction of X, and the 
direction of Y in the predetermined pitch, as shown in drawing 8 (e). 
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[0057] In this case, first, from the result obtained by measurement of steps 103 and 104 in step 105 of 
drawing 2 , the relative physical relationship and the relative angle of rotation of reticle 12 and the RA 
microscopes 1 9 and 20 are computed, and the fine alignment marks 29A and 30A of drawing 4 (a) are 
moved into observation field 19R of the RA microscopes 19 and 20, and 20R, respectively. Then, in step 
106, the reference marks 35A and 36A on the reference mark plate 6 of drawing 8 (c) are moved to the 
observation fields 19R and 20R and the observation fields [****] 19W and 20W (refer to drawing 9 ), 
respectively. Thereby, as shown in drawing 9 (a), mark image 29 AW and reference mark 35 A can observe 
simultaneously within observation field 19W, and mark image 30AW and reference mark 36A can observe 
simultaneously within observation field 20W. Then, in step 107 of drawing 2 , the detecting signal of the 
reference mark image which corresponds also with the alignment equipment 34 of an off-axis method is 
sampled at the same time it changes into an image pick-up signal the image observed under the RA 
microscopes 1 9 and 20 and samples it. 

[0058] In drawing 9 (a), reticle image 12W which are the projection image of reticle 12 are projected on the 
reference mark plate 6. Moreover, as shown in drawing 9 (c), the observation fields 19W and 20W are 
located in the location which crosses the optical axis in the exposure field of a projection optical system 8, 
respectively, and reference mark 37A is settled in the observation field of the alignment equipment 34 of an 
off-axis method. And if the reticle minute actuation stage 1 1 of drawing 7 (b) moves to the bottom (the 
direction of -y) like the time of slit scan exposure synchronizing with Ztheta shaft actuation stage 4 of 
drawing 7 (a) moving to an upside (the direction of Y), as shown in drawing 9 (b) from the 9th (a), the 
reference mark plate 6 and reticle image 12W will move in the direction of Y together. Since the 
observation fields 19W and 20W of the RA microscopes 19 and 20 and the alignment equipment 34 of an 
off-axis method are being fixed at this time the mark group (a mark image — 30 AW 29 AW) by which the 
bottom of the observation fields 19W and 20W and aUgnment equipment 34 was given to Sign A Even the 
mark group (mark image 29DW, 30DW, reference marks 35D, 36D, and 37D) to which Sign D was given 
from reference marks 35A, 36A, and 37A moves and goes. 

[0059] First, in the 1st static position of drawing 9 after alignment initiation (a), mark image 29AW and 
reference mark 35 A are under observation field 19W, there are mark image 30AW and reference mark 36 A 
in the bottom which is observation field 20W, reference mark 37A is under the alignment equipment 34 of 
an off-axis method, and the mark to which these signs A were given is observed altogether simultaneously. 
After measurement in the 1 st static position is completed, reticle image 12W and the reference mark plate 6 
are synchronously moved to the 2nd static position by stepping actuation. The mark groups which the mark 
group which existed in the 1st static position xmder the observation fields 19W and 20W and alignment 
equipment 34 is a mark group to which Sign A was given, and exist in the 2nd static position under the 
observation fields 19W and 20W and alignment equipment 34 are mark groups (mark image 29BP of 
drawing 8 , reference marks 35B and 37B, etc.) to which Sign B was given. 

[0060] By repeating the above sequences with the 3rd static position and the 4th static position (condition of 
drawing 9 (b)), the reference mark on reticle image 12 the mark image of W and the reference mark plate 6 
It will be measured in order of the mark group to which Sign A was given, the mark group to which Sign B 
was given, the mark group to which Sign C was given, and the mark group to which Sign D was given by 
the RA microscopes 19 and 20 and the alignment equipment 34 of an off-axis method, respectively. This 
actuation is actuation of steps 105-1 10 of drawing 2. Thus, in order to express the measurement result 
searched for intelligibly, a measurement result is shown in drawing 10 . 

[0061] In drawing 10 , the vector of the alignment error to mark image 29BW-29DW is similarly made into 
BL-DL from reference marks 35B-35D, respectively by setting to AL the vector of the alignment error from 
reference mark 35A which amends the measurement result obtained under the RA microscope 19 like the 
after-mentioned, and is called for to mark image 29AW. Similarly, the vector of the alignment error to mark 
image 30BW-30DW is made into BR-DR from reference marks 36B-36D, respectively by setting the vector 
of the alignment error from reference mark 36A to mark image 30AW to AR. Moreover, the error vector 
from the reference marks 37A-37D which amend the measurement result obtained with the alignment 
equipment 34 of an off-axis method like the after-mentioned, and are called for to the origin/datum of the 
alignment equipment 34 is made into AO-DO, respectively. 

[0062] And the coordinate value of x directions measured with the interferometer 14 by the side of the 
reticle of drawing 1 when obtaining the error vector AL, AR-DL, and DR, The coordinate value obtained 
using the laser beam LRx of drawing 7 (b), respectively Namely, ReAx-ReDx, The coordinate value of the 
direction of y measured with the interferometer 14 by the side of the reticle of drawing 1 when obtaining the 
error vector AL, AR-DL, and DR, i.e., the coordinate value obtained using the laser beams LRyl and LRy2 
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of drawing 7 (b), is carried out to ReAyl-ReDyl, and ReAy2-ReAy2, respectively. Moreover, the 
coordinate value of the direction of X measured with the interferometer 13 by the side of the wafer of 
drawing 1 when obtaining the error vector AL, AR-DL, and DR, The coordinate value obtained using the 
laser beam LWX of drawing 7 (a), respectively Namely, WaAX-WaDX, The coordinate value of the 
direction of Y measured with the interferometer 13 by the side of the wafer of drawing 1 when obtaining the 
error vector AL, AR-DL, and DR, i.e., the coordinate value obtained using the laser beams LWYl and 
LWY2 of drawing 7 (a), is carried out to WaAYl-WaDYl, and WaAY2-WaDY2, respectively. 
[0063] Moreover, the coordinate value of the direction of X acquired with the interferometer only for 
alignment equipment of the off-axis method when obtaining error vector AO-DO, i.e., the coordinate value 
obtained using the laser beam LWOF of drawing 7 (a), is made into WaAOX-WaDOX, respectively. In this 
case, as shown in drawing 7 (a), spacing of the direction of X of the laser beams LWYl and LWY2 by the 
side of a wafer is IL, and spacing by the side of the wafer of the laser beams LRyl and LRy2 by the side of 
reticle is RL. 

[0064] Next, in order [, such as the error vector AL of drawing 10 ] to explain per [ for which it asks ] way, 
the configuration of the RA microscope 19 of drawing 1 is explained to a detail Drawing 1 1 shows the RA 
microscope 19 and this illumination system, and the illimiination light EL of the same wavelength as 
exposure light is led to the interior of Ztheta shaft actuation stage 4 through the optical fiber 44 in this 
drawing 1 1 fi-om the exterior of Ztheta shaft actuation stage 4. Exposure light may be relayed by the lens 
system instead of an optical fiber 44. The illumination light drawn such illuminates the reference marks 
35A-35D on the reference mark plate 6 through lens 45 A, beam-splitter 45B, and lens 45C, and the 
illumination light which penetrated beam-splitter 45B is illuminating the reference marks 36A-36D on the 
reference mark plate 6 through lens 45D and lens 45E, Miller 45F, and lens 45G. 
[0065] For example, the light which penetrated reference mark 35 A carries out image formation of the 
image of the reference mark 35 A on the fine alignment mark 29 on reticle 12 through a projection optical 
system 8. The light from the image and the alignment mark 29 of the reference mark 35 A reaches a half 
mirror 42 through deflection Miller 15, lens 40A, and lens 40B, and the light carried out 2 ****s by the half 
mirror 42 carries out incidence to image sensor 43X for the X-axes which consists of two-dimensional CCD, 
respectively, and the image pick-up side of image sensor 43 Y for Y-axes. The image of fine alignment mark 
29 A as shown in drawing 12 (a), respectively, and reference mark 35 image 35AR is projected on the image 
pick-up side of these image sensors 43X and 43 Y, In this case, image pick-up screen 43Xa of image sensor 
43X for the X-axes is a field parallel to the direction of X on a wafer stage, and the direction of a horizontal 
scanning line is the direction of X, and image pick-up screen 43 Ya of image sensor 43 Y for Y-axes is a field 
parallel to the direction of Y on a wafer stage, and the direction of a horizontal scanning line is also the 
direction of Y. 

[0066] Therefore, the amount of location gaps of the direction of X of reference mark 35A and alignment 
mark 29A is calculated from the averaging of image pick-up signal S4X of image sensor 43X, and the 
amount of location gaps of the direction of Y of reference mark 35 A and alignment mark 29A is calculated 
from the averaging of image pick-up signal S4Y of image sensor 43 Y. These image pick-up signal S4X and 
S4Y is supplied to the signal processor 41 . 

[0067] If the mark group to which Sign A was given is explained more to a detail taking the case of the case 
where alignment is being carried out, under the RA microscope 19, alignment mark 29A and reference mark 
image 35AR which are shown in drawing 12 (a) will be observed simultaneously. In this drawing 12 (a), 
picture signal S4X in image pick-up screen 43Xa surrounded with the broken line and 43 Ya(s) and S4Y are 
detected by analog-to-digital conversion as a digital signal within a signal processor 41. Averaging of the 
image data on each scanning line is independently carried out by the X-axis and the Y-axis within a signal 
processor 41, and picture signal S4X' for the X-axes and picture signal S4Y' for Y-axes by which averaging 
was carried out come to be shown in drawing 12 (b) and (c), respectively. These image data is processed as 
a 1 -dimensional image processing signal, respectively. 

[0068] thus — if data processing of the acquired signal is carried out with a signal processor 41 — relative 
location gap AL'X of the direction of X with reference mark 35 A of the mark image 29 AW and the 
reference mark plate 6 of the reticle 12 of drawing 10 , and the direction of Y And AL'Y It asks. And it is 
relative location gap AR*X of the direction of X of mark image 30AW and reference mark 36A, and the 
direction of Y by the RA microscope 20 of drawing 1 . And AR'Y It asks. Similarly, the relative location 
gap with mark image 29BW-29DW and the reference marks 35B-35D of drawing 10 and the relative 
location gap with mark image 30BW-30DW and reference marks 36B-36D are called for. 
[0069] However, the picture signal corresponding to alignment mark 29A of drawing 12 (b) and the picture 
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signal corresponding to reference mark image 35AR are having the location controlled, for example by the 
interferometer by the side of reticle, and the interferometer by the side of a wafer, respectively. Therefore, 
the measurement coordinate ReAx of the interferometer by the side of the reticle at the time of measuring 
the mark group (29AW(s) of drawing 10 , 35A, 30AW, 36A) to which Sign A was given, and ReAyl and 
ReAy2, [ for example, ] deltaWaAX, and delta WaAYl and delta WaAY2 arise to the measurement 
coordinate WaAX of the interferometer by the side of a wafer, and WaAYl and WaAY2. [ deltaReAx 
which is a measurement error (= actual measurement-set point) resulting from the following error of each 
stage, delta ReAyl and delta ReAy2, and ] Relative location gap AL'X asked for this measurement error for 
the point by the operation, and AL'Y It is contained. 

[0070] then, the result of having deducted those errors from the relative location gap obtained by 
measurement like a degree type ~ the X component ALX and the Y component ALY of Vector AL of 
drawing 10 It becomes. [ of an alignment error ] however, a degree type ~ setting (1/M) ~ it is the cutback 
scale factor of a projection optical system 8, and IL and RL are spacing explained by drawing 7 , 
respectively. 
[0071] 

[Equation 1] ALX=ALX-delta ReAx/M-delta WaAX [0072] 

[Equation 2] ALY=AL'Y-delta ReAyl/M-{(deltaWaAYl+deltaWaAY2)/2- (deltaWaAY2-deltaWaAYl) 
and RL/IL} 

[0073] Similarly, it is the X component ARX of the vector AR of the alignment error of drawing 10 . And Y 

component ARY It asks from a degree type. 

[0074] 

[Equation 3] ARX=ARX-delta ReAx/M-delta WaAX [0075] 

[Equation 4] ARY=AR'Y-delta ReAy2/M-{(deltaWaAYH-deltaWaAY2)/2-(deltaWaAY2-deltaWaAYl) 

xRL/IL} 

[0076] Next, although error vector AO-DO of drawing 10 which amends the result obtained by the 
alignment equipment 34 of an off-axis method, and is obtained is explained therefore, with reference to 
drawing 13 , it explains per configuration of the alignment equipment 34. 

[0077] Drawing 13 shows the configuration of that alignment equipment 34, and sets it to this drawing 13 . 
The light from the reference mark on the reference mark plate 6 Deviate in the deflection Miller section 46, 
carry out incidence to the half prism 47, and the light reflected by the half prism 47 tends toward the 
alignment optical system (henceforth "FIA optical system") 48 of the image-processing method using the 
white light. The li^t which penetrated the half mirror carries out incidence to the alignment optical system 
(henceforth "LIA optical system") 52 for a heterodyne beam to detect the diffracted light from a grid mark. 
[0078] First, if it explains from the FIA optical-system 48 side, after the illumination light from the source 
49 of the illumination light passes through the FIA optical system 48, it will be deflected by the half prism 
47 and deflection Miller 46, and will illuminate the reference mark on the reference mark plate 6. The light 
which followed the same optical path and passed return and the FIA optical system 48 to the FIA optical 
system 48 carries out incidence of the return light to half prism 50A. Image formation of the reference mark 
image on the reference mark plate 6 is carried out on the image pick-up side of image sensor 51X for the X- 
axes which the flux of light which penetrated half prism 50A becomes from two-dimensional CCD. Image 
formation of the reference mark image on the reference mark plate 6 is carried out on the image pick-up side 
of image sensor 51 Y for Y-axes which the flux of light reflected by half prism 50A becomes from two- 
dimensional CCD. 

[0079] On the image pick-up side of each image sensor 51X and 51Y, image formation of the image as 
shown in drawing 14 (a) is carried out. The reference mark on the reference mark plate 6 is the lattice point 
of a grid-like pattem, and image 37P of the pattem of the shape of the grid are projected on drawing 14 (a). 
If width of face of P and a dark line is set to L for the grid pitch on the image 37 reference mark plate 6 of P 
of the pattem of the shape of the grid, width of face L is set up quite smaller than the grid pitch P. Moreover, 
image formation of the reference mark (index mark) image 48X1 for the directions of X illuminated by the 
illumination light other than the illumination light of the reference mark plate 6, 48X2 and the index mark 
image 48 Yl for the directions of Y, and 48 Y2 is carried out to the image pick-up side. The location of the 
reference mark on the reference mark plate 6 is detectable on the basis of the location of these index mark 
image. 

[0080] Specifically, image pick-up field 51Xa of a direction [****/ as the direction of X / in drawing 14 
(a) ] and image pick-up field 51 Ya of the direction of Y and a direction [****] are picturized with the 
image sensors 5 IX and 51 Y of drawing 13 , respectively. The directions of the horizontal scanning line of 
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image sensors 5 IX and 51 Y are the direction of X and the direction of Y, and a direction 
respectively, and each image pick-up signal S5X of image sensors 5 IX and 51 Y and S5Y are supplied to the 
signal processor 56 of drawing 13 . In a signal processor 56, averaging of image pick-up signal S5X and the 
S5Y is carried out, respectively, picture signal S5X* of drawing 14 (b) and picture signal S5Y' of drawing 14 
(c) are obtained, and it asks for the location gap of a reference mark made into the object on the reference 
mark plate 6 from these picture signals. The still more detailed configuration is indicated by Japanese Patent 
Application No. No. 16589 [ four to ]. 

[0081] When the reference mark made applicable to detection is reference mark 37 A of drawing 10 , a 
relative location gap of the direction of X over the reference mark of reference mark 37A obtained by the 
image processing of drawing 14 (a) and the direction of Y is made into AO'fX and AO'fY, respectively. For 
the location of the reference mark plate 6 at this time, the value which lengthened the following error and 
rotational error of Ztheta shaft actuation stage 4 of drawing 7 (a) from that measurement result since it was 
managed by wafer system of coordinates is the X component AOX of the error vector AO of drawing 10 . 
And Y component AOY It becomes. However, X component AOX corresponding to the FIA optical system 
48 of drawing 13 And Y component AOY It is referred to as AOfX and AOfY, respectively. That is, a 
degree type is obtained. 
[0082] 

[Equation 5] AO£X:=AO'fX - (WaAOX-WaAX) 

[0083] 

[Equation 6] 

AOfir=AO'fY- (WaAYl+WaAY2)/2 [0084] On the other hand, by the alignment system including the LI A 
optical system 52 of drawing 13 , after the laser beam from a laser light source 53 penetrates the LI A optical 
system 52 and the half prism 47, it is deflected by deflection Miller 45 and carries out incidence to the 
reference mark of the shape of a diffraction grating on the reference mark plate 6. Two ****s of the 
diffracted lights which the diffracted light from the reference mark followed the same optical path, and 
passed return and the LI A optical system 52 to the LIA optical system 52 are carried out by half prism 50B, 
and they carry out incidence to photo detector 55Y photo detector 55X for the directions of X, and for the 
directions of Y. 

[0085] In this case, 2 ****s of the laser beams from a laser light source 53 are carried out within the LIA 
optical system 52, and the delta frequency of deltaf is given to the frequency of these two laser beams by the 
intemal frequency shifter. The interference light of these two laser beams is received by the photo detector 
54, and the reference sign S6 of frequency deltaf is outputted from the photo detector. Moreover, by the 
suitable incident angle with the laser beam (heterodyne beam) from which these two frequencies differ, the 
reference mark of the shape of a diffraction grating on the reference mark plate 6 irradiates, and the primary 
[ **] diffracted light of these [ by the reference mark ] two laser beams retums to parallel vertically to the 
reference mark plate 6. Although, as for the interference light of the primary [ **] light, optical 
reinforcement changes by frequency deltaf, a phase changes according to the X coordinate and Y coordinate 
of a reference mark. And from photo detector 55X, beat signal S7X of frequency deltaf from which the 
phase is changing according to the X coordinate of a reference mark is outputted, beat signal S7Y of 
frequency deltaf from which the phase is changing according to the Y coordinate of a reference mark is 
outputted from photo detector 55Y, and a reference sign S6 and beat signal S7X, and STY are suppUed to 
the signal processor 56. 

[0086] If the reference mark for detection is set to reference mark 37A of drawing 10 , the signal processor 
56 of drawing 13 is the phase contrast deltaphiX of a reference sign S6 and beat signal S7X, as shown in 
drawing 14 (d). As location gap AO*LX of the direction of X of reference mark 37A is calculated and it is 
shown in drawing 14 (e), it is the phase contrast deltaphiY of a reference sign S6 and beat signal S7X. 
Location gap AO'LX of the direction of Y of reference mark 37A is calculated. The value which lengthened 
the following error and rotational error of Ztheta shaft actuation stage 4 of drawing 7 (a) from this 
measurement result is the X component AOX of the error vector AO of drawing 10 . And Y component 
AOY It becomes. However, X component AOX corresponding to the LIA optical system 52 of drawing 13 
And Y component AOY It is referred to as AOLX and AOLY, respectively. That is, a degree type is 
obtained. 
[0087] 

[Equation 7] AOLX=AO*LX - (WaAOX-WaAX) 

[0088] 

[Equation 8] 
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AOLY-AO*LY- (WaAYl+WaAY2)/2 [0089] If alignment is performed in the location of a mark group 
where the sign A of drawing 10 was attached as mentioned above, eight data, ALX, ALY, ARX, ARY, 
AOfX, AOfY, AOLX, and AOLY, will be measured. By performing measurement to the mark group to 
which the mark group to which Sign A was given by such sequence - Sign D were given, 32 data (= 8x4) are 
called for. Among these 32 data, the data obtained under the RA microscopes 19 and 20 are memorized as 
location survey data Dxn and Dyn, and the data obtained by the alignment equipment 34 of an off-axis 
method are memorized as location survey data Axn and Ayn. Then, actuation shifts to step 1 1 1 of drawing 
2 . 

[0090] In step 1 1 1 of drawing 2 , when the coordinate of the x directions and the direction of y of the system 
of coordinates which enabled it to change a Reticulum label system and wafer system of coordinates only 
with a linearity error actually is set to Fxn and Fyn to the location survey data Dxn and Dyn corresponding 
to the RA microscopes 19 and 20, these relation is as follows. 
0091] 

Equation 9] 



Fxn 
Fyn 



Rx -Rx*(a>+e) 
Rye R y 



Dxnl rOxl 
.D ynj^ [OyJ 



[0092] Moreover, a degree type will be materialized if the nonlinear error of x directions and the direction of 
y is set to epsilonxn and epsilonyn. 
0093] 

Equation 10] 

CynJ [FynJ [Dyn 



^fl-Rx -Rx-(a>-*-0) 1 fDxnl [0x1 

[Ry-e 1-Ry JpynJ"*"[OyJ 



[0094] And the value of six parameters Rx, Ry, theta, omega, Ox, and Oy of (several 9) is computed using 
the least squares approximation so that these nonlinear errors (epsilonxn, epsilonyn) may serve as min. The 
scaling parameter Rx of x directions shows the scale-factor error of the x directions of reticle 12 and the 
reference mark plate 6, and the scaling parameter Ry shows the scaling error of the scanning direction (the 
direction of y) of a Reticulum label system and wafer system of coordinates here. Moreover, in the include- 
angle parameter theta, reticle 12, the reference mark plate 6, and a rotational error and the include-angle 
parameter omega show the parallelism of the scanning direction of a Reticulum label system and wafer 
system of coordinates, and offset parameters Ox and Oy show the offset value of the x directions of both, 
and the direction of y, respectively. 

[0095] Next, the amount of base lines is calculated in steps 112 and 1 13 of drawing 2 . In this case, the 
offset at the time of the amount measurement of base lines serves as (<Ax>-Ox, <Ay>-Oy) by setting to 
<Ax> and <Ay> the average value of the data Axn and Ayn measured with the alignment equipment 34 of 
an off-axis method, respectively. Therefore, at the time of alignment, from the interferometer (it is also 
hereafter called "the interferometer LWX for exposure") which uses the laser beam LWX of drawing 7 (a), 
in using a switch and the FIA optical system 48 of drawing 13 for the interferometer (it is also hereafter 
called "the interferometer LWOF only for off-axes") using a laser beam LWOF for control, it sets the 
average of the measured data Axn and Ayn to <Afx> and <Afy>, respectively. And what is necessary is to 
give offset of offset (<Afx>-Ox, <Afy>-Oy) to the measurement value of the interferometer corresponding 
to the laser beams LWYl and LWY2 of drawing 7 (a), and LWOF, and just to perform alignment 
processing. On the other hand, in using the LIA optical system 52 of drawing 13 , it sets the average of the 
measured data Axn and Ayn to <ALx> and <ALy>, respectively. And what is necessary is just to give offset 
of (<ALx>-Ox, <ALy>-Oy) to the measurement value of an interferometer, 

[0096] In addition, the above amendment method means setting up the standard coordinates of stage system 
of coordinates based on the reference mark on the reference mark plate 6. In this case, in other words, the 
shaft which passes along the reference marks 37A-37D on the reference mark plate 6, for example turns into 
a reference axis, and the reading value (yawing value) of the interferometer LWOF only for off-axes on this 
reference axis at the time of setting the reading value of the interferometer LWX for exposure to 0 on this 
reference axis is calculated. And at the time of exposure, alignment of a wafer 5 is carried out for the result 
of having amended that yawing value to the reading value of the interferometer LWX for exposure, and the 
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actual reading value of the interferometer LWOF only for off-axes as "an interferometer value for carrier 
delivery" based on the interferometer value for these carrier delivery, respectively. 

[0097] On the other hand, for example in drawing 7 (a), the approach of setting the reference axis of stage 
system of coordinates to migration mirror 7X for the X-axes may be used. In this case, the measurement 
value itself is used, without resetting simultaneously the reading value of the interferometer LWX for 
exposure, and the reading value of the interferometer LWOF only for off-axes (0), delivering in the state of 
drawing 7 (a), first, at the time of future exposure, and using the interferometer value of business. On the 
other hand, at the time of alignment, tilt-angle thetaXF to migration mirror 7X of the reference axis which 
passes along the reference marks 37A-37D on the reference mark plate 6 is calculated, and the value which 
amended IL-theta XF and was acquired is used for the reading value of the interferometer LWOF only for 
off-axes using the spacing IL of a laser beam LWX and LWOF. Thereby, at the time of the usual exposure, 
the reading value of the interferometer LWX for exposure and the reading value of the interferometer 
LWOF only for off-axes can be used now as it is. 

[0098] Next, since the measurement data Dxn and Dyn express only the relative error of wafer system of 
coordinates and a Reticulum label system, when least-squares-approximation count is performed on wafer 
system-of-coordinates criteria, the called-for parameters Rx, Ry, theta, omega, Ox, and Oy are altogether 
expressed with the linearity error of the Reticulum label system on the basis of wafer system of coordinates. 
Then, what is necessary is just to drive reticle based on the Niiza label (rxn, ryn) called for from the degree 
type according to the motion of wafer system of coordinates, if the x-coordinate and y-coordinate of a 
Reticulum label system are made into rxn' and ryn', respectively. 
:0099] 

Equation 11] 

rxnl^FRx -Rx-(<i)4-0)] [r xnl fOxl 
TynJ [Ry© Ry J[rya]"^[OyJ 

[0100] Since amendment of Offset Ox and Oy is already made by the reticle side in this processing, it is 
good only by amending offset of (<Ax>, <Ay>) as an amount of base lines. Moreover, when [ all ] based on 
a Reticulum label system, it is also possible to bring a result of reverse and to amend by wafer system of 
coordinates. Moreover, these amendments are amended by wafer system of coordinates at the time of rough 
alignment, it may divide like carrying out by the Reticulum label system at the time of fine alignment, and it 
may be controlled. 

[0101] Since the check of reticle alignment and the amount of base lines is performed as mentioned above 
using two or more marks at the time of one reticle alignment according to this example, it becomes possible 
to equalize the description error of reticle, and reticle and the alignment error of a wafer, and alignment 
precision improves. Furthermore, since all of these processes are performed to coincidence, a throughput 
also improves. Furthermore, since the reference mark plate 6 which can measure two or more reference 
marks simultaneously in a non-scanning direction (the direction of X) is adopted, the error by the air 
fluctuation of the optical path of an interferometer does not arise. 

[0102] However, since the reference mark plate 6 moves to a scanning direction in step, the effect by air 
fluctuation can be considered. If for the reason the output value of photo detectors 55X and 55Y is used, the 
location of a wafer stage (Ztheta shaft actuation stage 4 grade) is locked and the check of reticle alignment 
and the amount of base lines is performed at the time of the check of the amount of base lines in case 
processing which used the LI A optical system 52 of drawing 13 is performed, the effect of air fluctuation 
will be suppressed to the minimum. Moreover, the reticle mark of this example is arranged at a total of eight 
places of four comers of reticle 12. In order to investigate the response relation between a Reticulum label 
system and wafer system of coordinates, not only offset but the parameters Rx, Ry, theta, and omega are 
required for this, and it is because it is more advantageous to the decision of Parameters Ry, theta, and 
omega to have arranged the mark in four comers. Furthermore, when using the luminescent reference mark 
plate 6, it is because it is difficult for a light-emitting part to have a limit and to make the whole surface on 
the reference mark plate 6 emit light. 

[0103] Moreover, when the number of reticle marks on reticle 12 is set to n, offset parameters Ox and Oy 
are l/nl/2. It is equalized and the error of other parameters also becomes small. Therefore, an error becomes 
small, so that reticle mark several n is increased. The result of having carried out simulation of the relation 
between the error of reticle mark several n and a parameter and the error of the amount of base lines to 
below is shown. Below, it is 3 times the standard deviation sigma, and a imit [nm] expresses dispersion in 
four comers in the Niiza label system of (several 11). 
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[0104] 
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[0105] As mentioned above, by making reticle mark several n into eight pieces shows that precision of the 
check of 50nm and the stepping error of a stage of reticle alignment and the amount of base lines also as 
lOnm is made to lOnm or less by the reticle drawing error. That is, if it is less than a limit of the luminescent 
reference mark plate 6, processing speed is carried out early and many reticle mark several n is taken, it will 
also become possible to raise precision more. 

[0106] In this case, although the patterning error on the reference mark plate 6 and the distortion error of a 
projection optical system 8 remain as errors into the Niiza label system, since these do not almost have 
fluctuation, it will be satisfactory if the error acquired in the exposure result as compared with reference data 
at the time of equipment adjustment is removed as system offset. In addition, in the above-mentioned 
example, as shown in drawing 8 (c), on the reference mark plate 6, two or more reference marks 35A-35D 
are formed, and two or more reference marks 37A-37D are also formed. However, even if it uses only one 
reference mark 35 A and one reference mark 3 7 A, for example, the effect of the drawing error of the pattern 
on reticle 12 can be reduced by scanning only reticle 12 and equalizing a measurement result. 
[0107] Next, it explains with reference to the flow chart of drawing 15 per 2nd example of this invention, 
and drawing 16 . It was what the reticle alignment mode of the 1st above-mentioned example uses 4 sets of 
fine alignment marks 29A-29D on reticle, and 30A-30D about this, and performs reticle alignment of FAIN. 
However, when the parallelism of the Reticulum label system of the scaling error of the scanning direction 
or the scanning direction and wafer system of coordinates is small after reticle alignment of FAIN is once 
performed by the approach of the 1st example, it may be made to perform reticle alignment and base-line 
measurement using 1 set of fine alignment marks. Thus, the alignment mode in which measurement to three 
items of scale-factor (Rx) measurement of the non-scanning direction, rotation (theta) measurement, and 
base-line measurement is carried out using 1 set of fine alignment marks is called "quick mode." This quick 
mode can be applied also when it tums out beforehand that the drawing error of the fine alignment marks 
29A-30D on reticle 12 is still smaller. 

[0108] In this quick mode, me2isurement to three items of scale-factor (Rx) measurement of the non- 
scanning direction, rotation (theta) measurement, and base-line measurement is carried out, for example 
using 1 set of fine alignment marks 29A and 30A on reticle 12, 1 set of reference marks 35 A and 36A on the 
reference mark plate 6, and one reference mark 37A on the reference mark plate 6. However, in order to 
amend the drawing error of 1 set of fine alignment marks 29A and 30A in the case of this quick mode, it is 
necessary to memorize the drawing error of Marks 29A and 30A searched for by the fine alignment 
sequence. 

[0109] Actuation of this 2nd example is explained with reference to drawing 15 and drawing 16. Actuation 
of drawing 15 and drawing 16 is the actuation which added quick mode to actuation of drawing 2, and fine 
mode and quick mode can switch it. In the step of drawing 1 5, the same sign is given to the step 
corresponding to the step of drawing 2, and the detail explanation is omitted. 

[01 10] In drawing 15, like [ steps /101-104] the case of drawing 2, reticle 12 is laid on a reticle electrode 
holder, and the RA microscopes 19 and 20 detect the location of the alignment marks 27 and 28 for a rough 
search, respectively. Next, one of fine mode and the quick modes is chosen at step 115. This selection result 
is beforehand directed by the operator through keyboard 22C of drawing 1 . However, the pattern 
information on reticle 12 etc. is read by the non-illustrated bar code reader, and you may make it main 
control system 22 A choose alignment mode automatically based on this result. 
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[0111] If fine mode is chosen, steps 105-1 13 of drawing 15 will be performed, and base-line measurement 
using the measurement result of the reticle alignment using two or more fine alignment marks and two or 
more reference marks and fine alignment will be performed like the above-mentioned. And at step 1 14, in 
the Niiza label system top on reticle 12, the drawing error (henceforth a "mark error") of the location of the 
actual fine alignment marks 29A and 30A to an original location is searched for, and the mark error is 
memorized in the storage section in main control system 22A. In case a mark error is searched for, firom the 
relation (conversion parameter) for which it asked at step 113, it asks for a Reticulum label system on the 
basis of wafer system of coordinates, and the nonlinear error of the measured coordinate value to the 
coordinate value on the fine alignment marks 29A-29D and the design of 30A-30D is searched for on this 
Reticulum label system. This nonlinear error turns into a mark error. Thus, the mark error on the Niiza label 
system on reticle is memorized from the result of steps 112 and 1 13 at the time of fine alignment. Moreover, 
when the reticle drawing error is measured beforehand, an operator may do the direct input of the drawing 
error. Effectiveness is large especially when a linearity component is contained in a drawing error. 
[0112] On the other hand, if quick mode is chosen at step 115, actuation will shift to step 116 of drawing 16. 
And in steps 116-118, the same actuation as steps 105-107 of drawing 15 is performed. That is, the image of 
one pair of fine alignment marks 30A and 29 A on reticle 12 and one pair of reference marks 36A and 35 A 
on the reference mark plate 6 is observed under RA microscope in quick mode, and the alignment 
equipment 34 of an off-axis method detects one reference mark 37A. Moreover, it asks for the location of 
the mark detected with the alignment equipment 34 of the mark observed under RA microscope in the 
second half and off-axis method of step 1 19. Then, in step 1 19, the mark error searched for at step 1 14 of 
drawing 15 is amended to the location where the fine alignment marks 3 OA and 29 A on reticle 12 were 
detected. Thereby, the number of the mark measured in quick mode can amend the pattem drawing error on 
reticle 12 at least almost to the same extent as the case in the fine alignment mode of the 1st example. 
[01 13] Next, in step 120, the scale-factor error Rx of the non-scanning direction of the six conversion 
parameters (Rx, Ry, theta, omega. Ox, Oy) of (several 9), Rotation theta, and Offset Ox and Oy are searched 
for based on the location of each mark obtained by amendment at step 1 19. As shown in drawing 8 (a) and 
(c), specifically, the scale-factor error Rx of the non-scanning direction is searched for from the difference 
of mark spacing of the direction of X of the surveyed reference marks 35 A and 36A (the non-scanning 
direction), and spacing of the direction of X of mark image 29 AW and 30 AW. Furthermore, it asks for 
Rotation theta from the diflference and mark spacing of a location gap of the direction (the scanning 
direction) of Y of reference marks 35A and 36A, and a location gap of the direction of Y of mark image 
29 AW and 30AW. Moreover, Offset Ox and Oy is calculated from the average amount of location gaps of a 
reference mark and the mark image of reticle. 

[01 14] In addition, in this quick mode, since the mark made applicable to measurement is two pieces at a 
time in the reticle and reference mark plate 6 side, it can determine conversion 4 of six conversion 
parameters of (several 9). Then, the value of four conversion parameters is calculated as mentioned above. 
In addition, the scale-factor error Ry of a scanning direction can be searched for by choosing for 
measurement two fine alignment marks 29 A and 29D located in a line, for example in the direction of Y of 
drawing 4, and two reference marks 35 A and 35D of drawing 8 (c). 

[0115] And reticle alignment is performed based on the scale-factor error Rx of the non-scanning direction 
and Rotation theta which were called for at step 120, and Offset Ox and Oy. In addition, measurement of a 
scale-factor error prepares beforehand the scale- factor error corresponding to a part for the gap of the 
measurement value of each mark to the design value of each mark as a table, and it applies a part for the gap 
of the measurement value of each mark to the design value of each mark to ttie table, and you may make it 
search for a scale- factor error. 

[0116] Next, in step 121, base-line measurement is performed using the measurement value of the main 
coordinate of reference marks 35A and 3 6 A, and the measurement value of reference mark 3 7 A. Thus, since 
it is amending the mark error in according to this example performing fine alignment mode once, searching 
for the drawing error (mark error) of the pattem of reticle 12 and performing alignment in quick mode, it is a 
high throughput and alignment of the projection aligner of a slit scan method can be carried out to high 
degree of accuracy. 

[01 17] Next, with reference to the flow chart of drawing 17, it explains per 3rd example of this invention. 
Whenever it carries out predetermined number-of-sheets exchange of the wafer (i.e., whenever this 3rd 
example is exposed to the wafer of predetermined number of sheets), it performs reticle alignment and base- 
line measurement in above-mentioned quick mode. In this example, after exchanging reticles with the 
projection aligner of drawing 1, an example of actuation in the case of carrying out sequential exposure of 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/26/2006 



JP,07-176468,A [DETAILED DESCRIPTION] 



Page 18 of 19 



the pattern of reticle 12 is explained to several 100 wafers with reference to drawing 17. 
[0118] First, in step 21 1 of drawing 17, the reticle used before is exchanged for the reticle 12 of drawing 1, 
and exposure actuation is started. In this case, reticle alignment in the quick mode which drawing 1 5 reaches 
step 101-104 and is shown in steps 1 16-121 of drawing 16 at 1 15 and a list, and actuation of a base-line 
check are performed. Then, the number of sheets of the wafer which will be exposed by the time it performs 
reticle alignment and a base-line check next as initial value at step 212 is set as Variable N, and a wafer is 
loaded to it on the wafer stage 4 at step 213. However, a new wafer is loaded after performing the unload 
(taking out) of a wafer [ finishing / the exposure ], when there is a wafer already exposed at step 213. 
[01 19] Next, it is investigated whether it is the timing which performs whether Variable N is 0 and reticle 
alignment, i.e., a base-line check, at step 214, and when Variable N is larger than 0, 1 is subtracted from 
Variable N at step 215, and it shifts to step 216. At this step 216, after performing alignment of a wafer 
using the wafer alignment system of the alignment equipment 34 of the off-axis method of drawing 13, or a 
TTL method, the pattem of reticle 12 is exposed by each shot field of a wafer. When no exposure to wafers 
has finished although the exposure process about the reticle 12 is ended after the exposure to a wafer [ all 
(assignment number of sheets) ] is completed, it retums to step 213 and the unload of a wafer [ finishing / 
exposure ] and loading of a new wafer are performed. Actuation shifts to step 214 after that. 
[0120] Moreover, when it is the timing which performs N= 0, i.e., reticle aUgnment, and a base-line check at 
step 214, in step 217, measurement of the rotational error of reticle 12 and a scale-factor error is performed. 
This is the same as that of step 120 of drawing 16. Then, it shifts to step 218 and the base-line check of the 
direction of X of the alignment equipment 34 (wafer alignment system of 2 flux-of-light interference 
alignment method including an alignment system or the LIA optical system 52 including the FIA optical 
system 48) of an off-axis method and the direction of Y is performed here. Then, after setting up the number 
of sheets of the wafer which will be exposed by the time it performs a base-line check next as a variable N at 
step 219, actuation retums to step 216. 

[0121] Thus, since reticle alignment and base-line measurement are performed in quick mode whenever it 
exposes to the wafer of predetermined number of sheets while performing reticle alignment and base-Une 
measurement according to this example, whenever it exchanges reticles, the superposition precision of each 
wafer and the pattem image of reticle can be raised by the high throughput. 

[0122] Moreover, although the technique of the above-mentioned example is explained about the base-line 
measurement at the time of the alignment of an off-axis method, it can expect the same effectiveness by 
application of this invention also in the TTL (through THE lens) method using the inside of the field of a 
projection optical system. Thus, this invention is not limited to the above-mentioned example, but can take 
configurations various in the range which does not deviate from the sunmiary of this invention. 
[0123] 

[Effect of the Invention] According to the 1st projection exposure approach of this invention, the effect of 
the drawing error of the mark for measurement on a mask can be small suppressed by asking for the 
parameter (offset of a scale factor, the scaling of a scanning direction, a revolution, the parallelism of a 
scanning direction, the direction of X, and the direction of Y) which matches mask system of coordinates 
and substrate system of coordinates by the least squares approximation etc. according to the location gap 
called for eventually in each location of two or more marks for measurement on a mask. 
[0124] Moreover, according to the 2nd projection aligner, by equalizing the measurement result about two 
or more marks for measurement by the side of a mask, the drawing error of the mark for measurement of a 
mask is made small, and the amount of base lines which is spacing of the origin/datum of a projection 
optical system and the origin/datum of an alignment system can be measured to accuracy. Moreover, while 
according to the 3rd projection aligner making it correspond to two or more marks for measurement on a 
mask and forming two or more the 1st reference mark on a reference mark member Since two or more the 
2nd reference mark is formed from the 1 st reference mark of these plurality at spacing corresponding to 
spacing of the reference point in the exposure field of a projection optical system, and the reference point of 
the alignment system of an off-£ixis method, respectively, Since equalization is performed also for a 
reference mark side, the amount of base lines is measured more by accuracy. 

[0125] Moreover, according to the 4th projection exposure approach of this invention, it can ask for the 
response relation between the system of coordinates on a mask, and the system of coordinates on a stage by 
the high throughput by choosing the simple measurement process by quick mode if needed. Moreover, 
according to the 5th projection exposure approach, the response relation and the amount of base lines of the 
system of coordinates on a mask and the system of coordinates on a stage can be calculated by the high 
throughput by choosing the simple measvirement process by quick mode if needed. 
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[0126] Moreover, according to the 6th projection exposure approach, when exposing by the scanning 
method continuously to many substrates since the simple measurement process by quick mode is performed 
whenever it exposes to the substrate of predetermined number of sheets, the response relation and the 
amount of base Unes of the system of coordinates on a mask and the system of coordinates on a stage can be 
calculated by the high throughput. 
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http://www4.ipdLncipi.gojp/cgi-bin/tran_web_cgi_ejje 



7/26/2006 



JP,07-176468,A [DRAWINGS] 



Page 1 of 12 



* NOTICES * 

JPO and NCIPI are not responsible £or any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 

18 



rEL 



SI 
14 



34- 



13 



3 — ^9 
22A-) 



5^ 



SI 



1. 



22CS2^ 



4 22B 

] L 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



7/26/2006 



JP,07- 176468, A [DRAWINGS] 




http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



JP,07-176468,A [DRAWINGS] 



Page 3 of 12 



4y ^2 40A t5 



— ^ 

fl 29a7 i ^30/ 

S4Y~ «2 
I -43X 




36A 



V 

k 

I \ 
I \ 
I \ 
I \ 



-8 



35A 











V 45G ^ 










\ 

\\46A 


4i» EL 





45D 45B 





[Drawing 2] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



7/26/2006 



JP,07- 176468, A [DRAWINGS] 



Page 4 of 12 



1 0 2-^ 



10 3-^ 




;^T-vyi03, l0 4cD$Slltc: 
J; X U ^ fc R Amt» 3^ C!>fe 



1 0 e-^ 



iflv-i;36A. 35A=feRA 



0 7 



Zi. 



R AgSISft lit K: J; o -C ^ -7 - © H 



fPrawing 4] 



1 



U^i^/W— 0 B . 28B, 
Si{6v-;Jr 36B , SSBCi^t 



109 



l-^ fpjV-r-p 30C , 29C^ 
3 6C . 35CK:^t 



^110 



vTl 0 5~ 1 0 TOjftf^^" 
U'^i'7l'V-i'3 OD , 28D. 



1 



/-111 



1 1 2 



V h i: T 5 



1 1 <D2:f}^<D:!t'7-^ 
J< V m{13 40Dtf 



1 1 3 



1 1 ©ifemJ: 0 

1 2<oi|$» 



*l T 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



7/26/2006 



JP,07-176468,A [DRAWINGS] 



1 

Page 5 of 12 



28~ 
308- 



30C- 



(a) 

3PA 31 ^2 



300 



29A 



-29C 



29D 



(b) 



[Drawing 5] 



33R 




(a) 



20Ref 



(c) 

II ~ III 



28 



w 



26 



(b) 



30D 



> 28 
C5 



A5 
B5 



28a 
K28 



28 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



7/26/2006 



JP,07-176468,A [DRAWINGS] 



1 

Page 6 of 12 



^Drawing 17] 



CUD 



2 L 2 



] 



2 1 

I ^ * 



2 1 6 




T 



^ 



(X, Y) 



2 19- 



2 1 5 



N = N-1 



[Drawing 6] 

(or 



(d) 



(b) 




(e) 



(c) 




[Drawing 7] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



7/26/2006 



JP,07-176468,A [DRAWINGS] 



Page 7 of 12 




(b) 



LRy2. 



12' 



■^38 



32 



iy2 



T^39 
LRyl 



T 



2lyn 
LRx 



L, 



[Drawing 18] 




-34 




[Drawing 8] 



http ://www4 . ipdl .ncipi .go jp/cgi-bin/tran_web_cgi_ejj e 



7/26/2006 



JP,07- 176468, A [DRAWINGS] 



Page 8 of 12 



29AW-PH 
29BW 




(b) 



'29AW'290W 
AW-300W 



IL 



(d) 



-r-35A 36A- 
+>35B 36B' 



x35C 36Cv 



-37A 
^37B 



.7C 



n36A-; 





















(e) 





































































/ 

























,37A 
r37B 



r37C 
^37D 



[Drawing 10] 



ReAyHReDyl 
WaAY<-WaDY< 



ReAy2^ReDy2 
WaAY2'WaDY2 




[Drawing 13] 

http://www4.ipdLncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



7/26/2006 



JP,07-176468,A [DRAWINGS] 



1 

Page 9 of 12 



34 




[Drawing 1 ^ 



29A 



(O) 



j: 



'35AR 



(b) 



29A 



35AR 29A 



»(X) 



S4Y' 
(C) 



[Drawing 14] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



7/26/2006 



JP,07- 176468, A [DRAWINGS] 



Page 10 of 12 



48Xls 



•4 



(a) 



,48X2 



— 5JXO 



-48Y1 



(b) 



(C) 



ssx" 



SSY 



t(X) 



t(Y) 




<e) 



S6 



S7Y 




[Drawing 15] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



7/26/2006 



JP,07-176468,A [DRAWINGS] 



Page 11 of 12 



101 



102 



>^ >>u jf-± t:: b » >7 ^i. :^ ^jj^-r ^ 



103-^ 



5 -7^ 



RAiS«^2 0K:-Ct^l±l 



104 



2 7=Sf 




-i'SOA. 29A4'RA^t%|^ 



106 -A 



J^6v-^;36A, 35A^RA 



107 -^ 



R ASBSStIt fr3 J: o X ^ V - i7 CD H 
WIS, 1 4cDH-«i|flicr)1?->7' 

1 



[Drawing 16] 



^108 



:^f'v:/105'>'l 0 7©il»#=& 
V^4'>'L'V-J'3 0B, 2 8 B. 
gf^^r-^36B, 3 5B{c^L 



/-109 



U^^^y^v-^^'30C. 29 C. 
gf^^r-:i7 36 C . SSCCjttL 



^110 



:KT^f\ 05~1 07«)iSf^t' 
L'^^'^l/T — 4' 3 0 D , 2 9 0, 
Si^v-:>3eD. 3 5DK:*fL 



:^f-->'7*l 0 7-1 1 0-C'^fcc> 



112 



;^r»y"7*l 1 



1 0)2^7^(0*7'^ 

^ > h^S3 4®H- 



P>9-v:fl 1 



4^ 



http://wvvw4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejije 



7/26/2006 



JP,07-1 76468,A [DRAWINGS] Page 12 of 12 



X5=-'y 7" 1 0 3 . 1 0 4 (D^m^ 
J: o T U f- i7 ;P i R A ^^gt^0 

3 0 A> 2 9 






3 6 A. a 5 A^ 
RA^^&^OTi-^ij-r^ 


118^ 






119^ 






12 0^ 




x-5=--y:7'l 1 9 (DMEI^m^ati: 


1 2 1^ 






c ^ 





[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/26/2006 



Page 1 of 1 1 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. j 



CORRECTION OR AMENDMENT 



[Kind of official gazette] Printing of amendment by the convention of 2 of Article 17 of Patent Law 
[Category partition] The 2nd partition of the 7th category 
[Publication date] August 3, Heisei 13 (2001, 8.3) 

[Pubhcation No.] JP,7-176468,A 

[Date of Pubhcation] July 14, Heisei 7 (1995. 7.14) 

[Annual volume number] Open patent official report 7-1765 

[Application number] Japanese Patent Application No. 5-334759 

[The 7th edition of International Patent Classification] 



HOIL 


21/027 






G03B 


27/32 






G03F 


7/20 


521 




9/00 








[FI] 








HOIL 


21/30 


525 


C 


G03B 


27/32 




F 


G03F 


7/20 


521 




9/00 


H 






HOIL 


21/30 


520 


A 



[Procedure amendment] 

[Filing Date] September 13, Heisei 12 (2000. 9.13) 
[Procedure amendment 1] 
[Document to be Amended] Description 
[Item(s) to be Amended] The name of invention 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Title of the Invention] It is an aligner to the projection exposure approach and equipment, and a list. 

[Procedure amendment 2] 

[Document to be Amended] Description 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattem image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through a projection optical system. In the projection exposure approach which exposes 
the pattem image of an area larger than the lighting field of said predetermined configuration on said mask 
on said substrate by scanning said mask and said substrate synchronously relatively to the lighting field of 
said predetermined configuration, 

The reference mark member which forms two or more marks for measurement towards said relative scan 
and by which two or more reference marks were formed in these two or more marks for measurement and a 
location [****/ almost ] on said mask is arranged on said stage, 
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Said mask and said substrate are moved synchronizing with the direction of said relative scan, and 
sequential measurement of the amount of location gaps of one mark for measurement in two or more marks 
for measurement on said mask and the reference mark to which it corresponds on said stage is carried out, 
The projection exposure approach characterized by asking for the response relation between the system of 
coordinates on said mask, and the system of coordinates on said stage from each amount of location gaps of 
said two or more marks for measurement and said two or more reference marks. 

[Claim 2] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattern image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through a projection optical system. In the projection exposure approach which exposes 
the pattern image of an area larger than the lighting field of said predetermined configuration on said mask 
on said substrate by scanning said mask and said substrate synchronously relatively to the lighting field of 
said predetermined configuration, 

The alignment system of the off-axis method for detecting the location of the mark for positioning on said 
substrate near said projection optical system is arranged. Two or more marks for measurement are formed 
towards said relative scan on said mask. The reference mark member in which the 1st and 2nd reference 
marks were formed at spacing corresponding to spacing of the reference point in the exposure field of said 
projection optical system and the reference point of the alignment system of said off-axis method is arranged 
on said stage. 

Where said 2nd reference mark on said criteria member is observed by the alignment system of said off-axis 
method, said mask is moved towards said relative scan, and sequential measurement of the amount of 
location gaps of one mark for measurement in two or more marks for measurement on said mask and said 
1st reference mark on said stage is carried out. 

The projection exposure approach characterized by asking for spacing of the reference point in the exposure 
field of said projection optical system, and the reference point of the alignment system of said off-axis 
method from the amount of location gaps of said 2nd reference mark observed by the average of each 
amount of location gaps of said two or more marks for measurement and said 1st reference mark, and the 
alignment system of said off-axis method. 

[Claim 3] While making it correspond to two or more marks for measurement on said mask and forming two 
or more said 1st reference mark on said reference mark member, two or more said 2nd reference mark is 
formed from these two or more 1 st reference marks at spacing corresponding to spacing of the reference 
point in the exposure field of said projection optical system, and the reference point of the alignment system 
of said off-axis method, respectively. 

Said mask and said stage are moved synchronizing with the direction of said relative scan, and while 
carrying out sequential measurement of the amount of location gaps of one mark for measurement in two or 
more marks for measurement on said mask, and said 1st reference mark to which it corresponds on said 
stage, the reference mark to which it corresponds of said two or more 2nd reference marks by the alignment 
system of said off-axis method is observed, 

The approach according to claim 2 characterized by asking for spacing of the reference point in the exposure 
field of said projection optical system, and the reference point of the alignment system of said off-axis 
method from the average of the amount of location gaps of two or more of said 2nd reference marks 
observed by the average of each amount of location gaps of said two or more marks for measurement and 
said two or more 1st reference marks, and the alignment system of said off-axis method. 
[Claim 4] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattern image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through a projection optical system. In the projection exposure approach which exposes 
the pattern image of an area larger than the lighting field of said predetermined configuration on said mask 
on said substrate by scanning said mask and said substrate synchronously relatively to the lighting field of 
said predetermined configuration. 

The reference mark member which forms two or more marks for measurement towards said relative scan 
and by which two or more reference marks were formed in these two or more marks for measurement and a 
location [****/ almost ] on said mask is arranged on said stage. 

Said mask and said substrate are moved synchronizing with the direction of said relative scan. Sequential 
measurement of the amount of location gaps of one mark for measurement in two or more marks for 
measurement on said mask and the reference mark to which it corresponds on said stage is carried out. The 
1st process which calculates each amoimt of location gaps of said mark for measvirement and said reference 
mark; The amount of location gaps of one mark for measurement predetermined [ of two or more marks for 
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measurement on said mask ] and the reference mark to which it corresponds on said stage is measured only 
once. The 2nd process which calculates the amount of location gaps of said mark for measurement and said 
reference mark; One of said 1st process and said 2nd process is chosen. The projection exposure approach 
characterized by having the 3rd process which asks for the response relation between the system of 
coordinates on said mask, and the system of coordinates on said stage based on each amount of location 
gaps of the mark for [ with which it asked at the selected process ] said measurement, and said reference 
mark, and;. 

[Claim 5] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattem image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through a projection optical system. In the projection exposure approach which exposes 
the pattem image of an area larger than the lighting field of said predetermined configuration on said mask 
on said substrate by scanning said mask and said substrate synchronously relatively to the lighting field of 
said predetermined configuration, 

The alignment system of the off-axis method for detecting the location of the mark for positioning on said 
substrate near said projection optical system is arranged, 

The reference mark member which forms two or more marks for measurement towards said relative scan 
and by which two or more reference marks were formed in these two or more marks for measurement and a 
location almost ] on said mask is arranged on said stage, and these two or more reference marks 

consist of the 1st and 2nd reference marks arranged at spacing corresponding to spacing of the reference 
point of said projection optical system, and the reference point of the alignment system of said off-axis 
method, 

The projection exposure approach characterized by providing the following Where said 2nd reference mark 
on said reference mark member is observed by the alignment system of said off-axis method Said mask is 
moved towards said relative scan. The 1st process which carries out sequential measurement of the amount 
of location gaps of one mark for measurement in two or more marks for measurement on said mask, and 
said 1st reference mark; where said 2nd reference mark on said reference mark member is observed by the 
alignment system of said off-axis method The 2nd process which measures the amount of location gaps of 
one predetermined mark for measurement in two or more marks for measurement on said mask, and said 1st 
reference mark; It is as a result of [ in the 3rd process which chooses one of said 1 st process and said 2nd 
process, and the process chosen at the; this 3rd process ] measurement. It is the response relation between 
the system of coordinates on said mask, and the system of coordinates on said stage fi^om each amount of 
location gaps of said mark for measurement and said reference mark, and the amoimt of location gaps of 
said 2nd reference mark observed by the alignment system of said off-axis method. The 4th process which 
asks for spacing of the reference point in the exposure field of said projection optical system, and the 
reference point of the alignment system of said off-axis method; 

[Claim 6] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattem image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through a projection optical system. In the projection exposure approach which exposes 
the pattem image of an area larger than the lighting field of said predetermined configuration on said mask 
on said substrate by scanning said mask and said substrate synchronously relatively to the Ughting field of 
said predetermined configuration. 

The alignment system of the off-axis method for detecting the location of the mark for positioning on said 
substrate near said projection optical system is arranged. 

The reference mark member which forms two or more marks for measurement towards said relative scan 
and by which two or more reference marks were formed in these two or more marks for measurement and a 
location [****/ almost ] on said mask is arranged on said stage, and these two or more reference marks 
consist of the 1st and 2nd reference marks formed at spacing corresponding to spacing of the reference point 
of said projection optical system, and the reference point of the alignment system of said off-axis method. 
Whenever it carries out predetermined number-of-sheets exchange of said substrate. 

Where said 2nd reference mark on said reference mark member is observed by the alignment system of said 
off-axis method The amount of location gaps of one predetermined mark for meeisurement in two or more 
meirks for measurement on said meisk and said 1st corresponding reference mark is measured. From the 
measured this amount of location gaps, and the amoimt of location gaps of said 2nd reference mark observed 
by the alignment system of said off-axis method, the response relation between the system of coordinates on 
said mask, and the system of coordinates on said stage. The projection exposure approach characterized by 
asking for spacing of the reference point in the exposure field of said projection optical system, and the 
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reference point of the alignment system of said off-axis method. 

[Claim 7] In the projection exposure approach which carries out scan exposure of said substrate using the 
pattem of said mask by moving synchronously each of the mask with which the pattem was formed, and the 
substrate as an object for exposure. 

In advance of said scan exposure, the 1st stage and this 1st stage holding said mask are the projection 
exposure approach characterized by searching for the information for carrying out scan exposure of said 
substrate by holding said substrate independently, moving at least one side with the 2nd movable stage to a 
predetermined scanning direction, and moving relatively on said 1st stage and said 2nd stage. 
[Claim 8] The scanning direction of said 1st stage is prescribed by the 1st interferometer systems which 
measure the positional information of said 1 st stage, 

The scanning direction of said 2nd stage is an approach according to claim 7 characterized by what is 
prescribed by the 2nd interferometer systems which measure the positional information of said 2nd stage. 
[Claim 9] The approach according to claim 7 or 8 characterized by moving each of said 1st stage and said 
2nd stage to a mutually different scanning direction in said relative migration. 

[Claim 10] Said relative migration is an approach according to claim 9 characterized by being carried out 
like the time of scan exposure of said substrate. 

[Claim 11] Said relative target is an approach according to claim 10 characterized by moving said 1st stage 
and said 2nd stage synchronously in migration. 

[Claim 12] Said relative migration is an approach according to claim 7 or 8 characterized by including 
migration of only said 1st stage. 

[Claim 13] An approach given in any 1 term of claims 7-12 characterized by detecting the mark on said 1st 
stage and searching for the information for carrying out scan exposure of said substrate while moving 
relatively on said 1st stage and said 2nd stage. 

[Claim 14] The approach according to claim 13 characterized by arranging two or more marks left to said 
scanning direction on said 1 st stage. 

[Claim 15] The mark on said 1st stage is an approach according to claim 13 or 14 characterized by being 
detected with the mark on said 2nd stage. 

[Claim 16] The approach according to claim 15 characterized by arranging two or more marks left to said 
scanning direction on said 2nd stage. 

[Claim 17] The information for carrying out scan exposure of said substrate is an approach given in any 1 
term of claims 7-16 characterized by including the information for carrying out the synchronized drive of 
said mask and said substrate by position relation. 

[Claim 1 8] The information for carrying out scan exposure of said substrate is an approach given in any 1 
term of claims 7-17 characterized by being the information about response relation with the 2nd system of 
coordinates for controlling the 1st system of coordinates for controlling migration of said 1st stage, and 
migration of said 2nd stage. 

[Claim 19] In the projection exposure approach which carries out scan exposure of the substrate using the 
pattem of said mask by moving synchronously the mask with which the pattem was formed, and the 
substrate as an object for exposure. 

The projection exposure approach characterized by detecting two or more marks left and formed in the 
predetermined scanning direction at the criteria member on the 1st stage holding either said mask or said 
substrates in advance of said scan exposure, respectively. 

[Claim 20] The approach according to claim 19 characterized by moving said 1st stage to said scanning 
direction in order to detect said two or more marks. 

[Claim 21] In the projection exposure approach which carries out scan exposure of said substrate using the 
pattem of said mask by moving synchronously the mask with which the pattem was formed, and the 
substrate as an object for exposure, 

The projection exposure approach characterized by detecting the mark formed in the criteria member on said 
1st stage while moving the 1st stage holding either said mask or said substrates to a predetermined scanning 
direction in advance of said scan exposure. 

[Claim 22] Said scanning direction is claims 19 and 20 characterized by what is prescribed by the 1st 
interferometer systems which measure the positional information of said 1st stage, or an approach given in 
21. 

[Claim 23] The mark on said criteria member is claims 19 and 20 characterized by being detected with the 
mark on the 2nd stage holding another side of said mask and said substrates, or an approach given in 21 . 
[Claim 24] An approach given in any 1 term of claims 19-23 characterized by asking for response relation 
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with the 2nd system of coordinates for controlling the 1st system of coordinates for controlling migration of 
said 1st stage, and migration of said 2nd stage using the detection result of the mark on said criteria member. 

[Claim 25] It is the approach according to claim 24 characterized by for said 1st system of coordinates being 
prescribed by the 1st interferometer systems which measure the positional information of said 1st stage, and 
specifying said 2nd system of coordinates by the 2nd interferometer systems which measxire the positional 
information of said 2nd stage. 

[Claim 26] In the projection exposure approach which carries out scan exposure of said substrate by moving 
synchronously each of the mask with which the pattern was formed, and the substrate as an object for 
exposure, 

The projection exposure approach characterized by to detect two or more marks left to the predetermined 
scanning direction on the 1st stage holding either said mask or said substrate in advance of said scan 
exposure, respectively, and to ask for response relation with the 2nd system of coordinates for controlling 
migration of the 2nd stage holding the 1st system of coordinates for controlling migration of said 1st stage, 
and another side of said mask and said substrate. 

[Claim 27] Said 1 st system of coordinates are prescribed by the 1st interferometer systems for measuring the 
positional information of said 1 st stage. 

Said 2nd system of coordinates are approaches according to claim 26 characterized by what is prescribed by 
the 2nd interferometer systems for measuring the positional information of said 2nd stage. 
[Claim 28] The mark on said 1st stage is an approach according to claim 26 or 27 characterized by being 
detected with the mark on said 2nd stage. 

[Claim 29] The approach according to claim 28 characterized by arranging two or more marks left to said 
scanning direction on said 2nd stage. 

[Claim 30] The approach according to claim 28 characterized by moving said 1st stage to said 
predetermined scanning direction in order to detect said two or more marks. 

[Claim 31] The approach according to claim 30 characterized by moving said 2nd stage to a different 
scanning direction from said 1 st stage in parallel to migration of said 1 st stage in order to detect the mark on 
said 1st stage, and the mark on said 2nd stage. 

[Claim 32] In the projection exposure approach which exposes the substrate held on the 2nd stage using the 
pattem of the mask held on the 1 st stage, 

The projection exposure approach characterized by choosing either of the 2nd mode in which a number 
smaller than the number of the marks detected in the 1st mode in which two or more marks on said 1st stage 
are detected, and this 1 st mode of marks on said 1 st stage are detected. 

[Claim 33] Said 2nd mode is an approach according to claim 32 characterized by detecting a part of two or 
more marks detected in said 1 st mode. 

[Claim 34] The mark on said 1st stage is an approach according to claim 32 or 33 characterized by being 
detected with the mark on said 2nd stage. 

[Claim 35] The approach according to claim 34 characterized by detecting response relation with the 2nd 
system of coordinates for controlling the 1st system of coordinates for controlling migration for said 1st 
stage by detecting the mark on said 1st stage, and the mark on said 2nd stage, and migration of said 2nd 
stage. 

[Claim 36] The approach according to claim 35 characterized by scanning [ be / it / under / exposure / of 
said substrate / synchronization ] said 1st stage and said 2nd stage. 

[Claim 37] The approach according to claim 36 characterized by forming two or more marks left to the 
scaiming direction specified by said 1st system of coordinates on said 1st stage. 

[Claim 38] The approach according to claim 37 characterized by asking for the parallelism of the scanning 
direction specified by said 1st system of coordinates by detecting two or more marks on said 1st stage in 
said 1st mode, and the scanning direction specified by said 2nd system of coordinates. 
[Claim 39] The approach according to claim 37 characterized by asking for response relation with the 
scaling of the scanning direction specified by the scaling and said 2nd system of coordinates of the scanning 
direction specified by said 1st system of coordinates by detecting two or more marks on said 1st stage in 
said 1st mode. 

[Claim 40] An approach given in any 1 term of claims 32-39 characterized by attaining selection in said 2nd 
mode after performing said 1 st mode. 

[Claim 41] The approach according to claim 40 characterized by searching for the drawing error of said 
mask in said 1st mode, and applying this drawing error to said 2nd mode. 
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[Claim 42] In the projection aligner which carries out scan exposure of said substrate using the pattern of 
said mask by moving synchronously each of the mask with which the pattern was formed, and the substrate 
as an object for exposure, 

The 1st stage where holds either said mask or said substrates, and it moves, 

The 2nd stage where holds another side of said mask and said substrates, and it moves. 

The control system which searches for the information for carrying out scan exposure of said substrate by 

moving at least one side of said 1 st stage and said 2nd stage to a predetermined scanning direction, and 

displacing relatively said 1 st stage and said 2nd stage in advance of said scan exposure. 

The projection aligner characterized for preparation ****** \yy things. 

[Claim 43] The projection system which projects the image of the pattem of said mask on said substrate, 
It has further the mark detection system which detects the mark on said 1st stage, and the mark on said 2nd 
stage through said projection system. 

Said control system is equipment according to claim 42 characterized by for said mark detection system 
detecting the mark on said 1st stage, and the mark on said 2nd stage, and searching for the information for 
carrying out scan exposure of said substrate while said 1st stage and said 2nd stage are displaced relatively. 
[Claim 44] Apart from said mark detection system, it has further an alignment system for detecting the 
alignment information on said substrate. 

On the stage holding said substrate, the mark detected by said mark detection system and the mark detected 
by said alignment system are arranged, 

Said control system is equipment according to claim 43 characterized by searching for the physical 
relationship of the projection reference point of said projection system, and the detection reference point of 
said alignment system as information for performing detection by said mark detection system and said 
alignment system, and carrying out scan exposure of said substrate based on the detection result while said 
1 st stage and said 2nd stage are displaced relatively. 

[Claim 45] The projection reference point of said projection system and the detection reference point of said 
alignment system are equipment according to claim 44 characterized by being separated to said scanning 
direction. 

[Claim 46] In the projection aligner which carries out scan exposure of said substrate using the pattem of 
said mask by moving synchronously the mask with which the pattem was formed, and the substrate as an 
object for exposure, 

The criteria member by which two or more reference marks were left and formed in the predetermined 
scanning direction. 

The mark detection system for detecting said reference mark. 
The projection aligner characterized by preparation ******. 

[Claim 47] Equipment according to claim 46 characterized by having a migration means to move said 
criteria member to said scanning direction in order to detect said two or more reference marks by said mark 
detection system, respectively. 

[Claim 48] In the projection aligner which carries out scan exposure of said substrate using the pattem of 
said mask by moving synchronously the mask with which the pattem was formed, and the substrate as an 
object for exposure, 

The criteria member in which the reference mark was formed. 
The mark detection system for detecting said reference mark, 

A migration means to move said criteria member to a predetermined scanning direction in order to detect 

said reference mark by said mark detection system. 

The projection aligner characterized by preparation ******. 

[Claim 49] Said criteria member is claims 46 and 47 characterized by being prepared on the stage holding 
either said mask or said substrates, or equipment given in 48. 

[Claim 50] In the projection aligner which carries out scan exposure of said substrate by moving each of a 
mask and a substrate synchronously. 

The projection system which projects the image of the pattem of said mask on said substrate. 

It has the detection location left towards the synchronized drive of said substrate to the optical axis of this 

projection system. 

The alignment system which detects the alignment information on said substrate, 

A measurement means to measure the physical relationship of the projection reference point of said 

projection system, and the detection reference point of said alignment system. 

The projection aligner characterized by preparation ******. 
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[Claim 51] Said measurement means is a criteria member arranged on the stage holding said substrate, 
Equipment according to claim 50 characterized by having the mark detection system which detects the mark 
formed in said criteria member through said projection system. 

[Claim 52] Said measurement means is equipment according to claim 5 1 characterized by to measure the 
physical relationship of the projection reference point of said projection system, and the detection reference 
point of said alignment system based on the information acquired by detecting ttie mark on said criteria 
member through said projection system by said mark detection system, and the information acquired by 
detecting the mark on said criteria member by said alignment system. 

[Claim 53] In the projection aligner which carries out scan exposure of said substrate by carrying out the 
synchronized drive of the mask with which the pattern was formed, and the substrate as an object for 
exposure, 

The 1st stage holding one body of said mask and said substrate. 

The 2nd stage holding the body of another side of said mask and said substrate, 

The mark detection system which detects two or more marks on said 1 st stage left and arranged towards said 
synchronized drive in order to ask for response relation with the 2nd system of coordinates for controlling 
the 1st system of coordinates for controlling migration of said 1st stage, and migration of said 2nd stage in 
advance of scan exposure of said substrate, 
The projection aligner characterized by preparation ****** 

[Claim 54] In the projection aligner which carries out scan exposure of said substrate by carrying out the 
synchronized drive of the mask with which the pattem was formed, and the substrate as an object for 
exposure, 

The 1 St stage holding one body of said mask and said substrate. 

The 2nd stage holding the body of another side of said mask and said substrate. 

The projection system which projects the image of the pattem of said mask on said substrate, 

The mark detection system which detects two or more marks on said 1st stage left and arranged towards said 

synchronized drive, respectively. 

The alignment system which is prepared apart from said mark detection system, and detects the alignment 
information on said substrate, 

The control system which detects the mark on the stage which holds- said substrate by said alignment 

system, and measures the physical relationship of the projection reference point of said projection system, 

and the detection reference point of said alignment system based on each detection result while said mark 

detection system detects the mark on said 1st stage, and the mark on said 2nd stage. 

The projection aligner characterized by preparation ******. 

[Claim 55] In the aligner which exposes a substrate using the pattem of a mask. 

The 1st stage holding said mask. 

The mark detection system which can detect the mark on said 1 st stage. 

The control system which chooses whether the 2nd mode in which a number smaller than the number of the 
marks detected by whether the 1st mode in which said mark detection system detects two or more marks on 
said 1st stage is performed, and said mark detection system in said 1st mode of marks on said 1st stage are 
detected is performed, 

The aligner characterized by preparation ******, 

[Claim 56] Said control system is equipment according to claim 55 characterized by choosing said 2nd 

mode whenever it carries out exposure processing of the substrate of a predetermined number. 

[Procedure amendment 3] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0001 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0001] 

[Industrial Application] This invention relates to the projection exposure approach and equipment of for 

example, a slit scan exposure method. 

[Procedure amendment 4] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0014 

[Method of Amendment] Modification 

[Proposed Amendment] 
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[0014] In view of this point, in the projection exposure technique of a sHt scan exposure method, this 
invention reduces the effect of the drawing error of the pattern on reticle (mask), and aims at enabling it to 
perform matching with a Reticulum label system (mask system of coordinates) and wafer system of 
coordinates (substrate system of coordinates) to accuracy. Depending on [ accuracy / of the matching ] a 
process, quick nature may be thought as important about this. Then, this invention aims at enabling it to 
perform matching with a Reticulum label system (mask system of coordinates) and wafer system of 
coordinates (substrate system of coordinates) by the high throughput. 
[Procedure amendment 5] 
[Document to be Amended] Description 
[Item(s) to be Amended] 0015 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0015] Furthermore, in the projection exposure technique of a slit scan exposure method, this invention 
reduces the effect of the drawing error of the pattem on reticle (mask), and aims also at enabling it to 
measure the amount of base lines which is spacing of the origin/datum of the exposure field of a projection 
optical system, and the origin/datum of the alignment system of an off-axis method to high degree of 
accuracy. 

[Procedure amendment 6] 
[Document to be Amended] Description 
[Item(s) to be Amended] 0016 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0016] Moreover, whenever it exchanges the wafer of predetermined number of sheets, when performing 
base-line measurement, for example, while greater importance may be attached than to correctness to quick 
nature, it is desirable to perform matching with a Reticulum label system (mask system of coordinates) and 
wafer system of coordinates (substrate system of coordinates) simultaneously. Then, in case this invention 
measures the amount of base lines for every predetermined wafer tumover rate, it aims at enabling it to 
perform matching with a Reticulum label system (mask system of coordinates) and wafer system of 
coordinates (substrate system of coordinates), and its base-line measurement by the high throughput. 
[Procedure amendment 7] 
[Document to be Amended] Description 
[Item(s) to be Amended] 0023 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0023] Moreover, the 6th projection exposure approach of this invention is set in the same premise section 
as above-mentioned invention. The alignment system (34) of the off-axis method for detecting the location 
of the mark for positioning on a substrate (5) near the projection optical system (8) is arranged. Two or more 
marks for measurement (29A, 29B, -) are formed towards the relative scan on a mask (12). The reference 
mark member (6) by which two or more reference marks were formed in the mark for measurement of these 
plurality and the location [****/ almost ] is arranged on a stage (4). Whenever the reference mark of these 
plurality consists of the 1st (A [ 35 ],B [ 35 ], ~) and 2nd (A [ 37 ],B [ 37 ], — ) reference marks formed at 
spacing corresponding to spacing of the reference point of the projection optical system, and the reference 
point of the alignment system of the off-axis method and it carries out predetermined number-of-sheets 
exchange of the substrate (5) Where the 2nd reference mark (3 7 A) on a reference mark member (6) is 
observed by the alignment system of the off-axis method The amount of location gaps of one predetermined 
mark for measurement (29 A) in two or more marks for measxirement on a mask (12) and the 1st 
corresponding reference mark (3 5 A) is measured. From the measured amount of location gaps, and the 
amount of location gaps of the 2nd reference mark (3 7 A) observed by the alignment system of the off-axis 
method, thus, the response relation between the system of coordinates on the mask, and the system of 
coordinates on the stage. It asks for spacing (the amount of base lines) of the origin/datum in the exposure 
field of the projection optical system, and the origin/datum of the alignment system of the off-axis method. 
The 7th projection exposure approach of this invention each of the mask with which the pattem was foraied, 
and the substrate as an object for exposure next, by moving synchronously In the projection exposure 
approach which carries out scan exposure of the substrate using the pattem of the mask In advance of the 
scan exposure, the 1st stage and this 1st stage holding the mask by holding the substrate independently, 
moving at least one side with the 2nd movable stage to a predetermined scanning direction, and moving 
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relatively on the 1 st stage and its 2nd stage The information for carrying out scan exposure of the substrate 
is searched for. The 8th projection exposure approach of this invention moreover, by moving synchronously 
the mask with which the pattern was formed, and the substrate as an object for exposure In the projection 
exposure approach which carries out scan exposure of the substrate using the pattern of the mask, two or 
more marks left and formed in the predetermined scanning direction at the criteria member on the 1st stage 
holding either the mask or its substrate are detected in advance of the scan exposure, respectively. The 9th 
projection exposure approach of this invention moreover, by moving synchronously the mask with which 
the pattern was formed, and the substrate as an object for exposure While moving the 1st stage holding 
either the mask or its substrate to a predetermined scanning direction in advance of the scan exposure in the 
projection exposure approach which carries out scan exposure of the substrate using the pattern of the mask 
The mark formed in the criteria member on the 1st stage is detected. The 10th projection exposure approach 
of this invention each of the mask with which the pattern was formed, and the substrate as an object for 
exposure moreover, by moving synchronously Two or more marks left in advance of the scan exposure in 
the projection exposure approach which carries out scan exposure of the substrate to the predetermined 
scanning direction on the 1st stage holding either the mask or its substrate are detected, respectively. It asks 
for response relation with the 2nd system of coordinates for controlling migration of the 2nd stage holding 
the 1 St system of coordinates and another side of the mask and a substrate for controlling migration of the 
1st stage. Moreover, the 1 1th projection exposure approach of this invention is set to the projection exposure 
approach which exposes the substrate held on the 2nd stage using the pattern of the mask held on the 1st 
stage. Either of the 2nd mode in which a number smaller than the number of the marks detected in the 1st 
mode in which two or more marks on the 1st stage are detected, and this 1st mode of marks on the 1st stage 
are detected is chosen. The 1st projection aligner of this invention each of the mask with which the pattern 
was formed, and the substrate as an object for exposure next, by moving synchronously In the projection 
aligner which carries out scan exposure of the substrate using the pattern of the mask The 1 st stage where 
holds either the mask or its substrate, and it moves, The 2nd stage where holds another side of the mask and 
its substrate, and it moves, It has the control system which searches for the information for carrying out scan 
exposure of the substrate by moving at least one side of the 1 st stage and its 2nd stage to a predetermined 
scanning direction, and displacing relatively the 1st stage and its 2nd stage in advance of the scan exposure. 
Moreover, the 2nd projection aligner of this invention is equipped with the criteria member by which two or 
more reference marks were left and formed in the predetermined scanning direction in the projection aligner 
which carries out scan exposure of the substrate, and the mark detection system for detecting the reference 
mark using the pattem of the mask by moving synchronously the mask with which the pattern was formed, 
and the substrate as an object for exposure. The 3rd projection aligner of this invention moreover, by 
moving synchronously the mask with which the pattem was formed, and the substrate as an object for 
exposure In the projection aligner which carries out scan exposure of the substrate using the pattem of the 
mask It has the criteria member in which the reference mark was formed, a mark detection system for 
detecting the reference mark, and a migration means to move the criteria member to a predetermined 
scanning direction in order to detect the reference mark by the mark detection system. The 4th projection 
aligner of this invention each of a mask and a substrate moreover, by moving synchronously The projection 
system which projects the image of the pattem of the mask on the substrate in the projection aligner which 
carries out scan exposure of the substrate, It has the detection location left towards the synchronized drive of 
the substrate to the optical axis of this projection system, and has a measurement means to measure the 
physical relationship of the alignment system which detects the alignment information on the substrate, and 
the projection reference point and the detection reference point of an alignment system of the projection 
system. The 5th projection aligner of this invention moreover, by ceirrying out the synchronized drive of the 
mask with which the pattem was formed, and the substrate as an object for exposxire The 1st stage which 
holds one body of the mask and its substrate in the projection aligner which carries out scan exposure of the 
substrate, The 2nd stage holding the body of another side of the mask and its substrate and scan exposure of 
the substrate are preceded. In order to ask for response relation with the 2nd system of coordinates for 
controlling the 1st system of coordinates for controlling migration of the 1st stage, and migration of the 2nd 
stage, it has the mark detection system which detects two or more marks on the 1st stage left and arranged 
towards the synchronized drive. The 6th projection aligner of this invention moreover, by carrying out the 
synchronized drive of the mask with which the pattem was formed, and the substrate as an object for 
exposure The 1st stage which holds one body of the mask and its substrate in the projection aligner which 
carries out scan exposure of the substrate, The 2nd stage holding the body of anoflier side of the mask and 
its substrate, and the projection system which projects the image of the pattem of the mask on the substrate, 
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The mark detection system which detects two or more marks on the 1st stage left and arranged towards the 
synchronized drive, respectively, While the alignment system which is prepared apart from the mark 
detection system, and detects the alignment information on the substrate, and its mark detection system 
detect the mark on the 1st stage, and the mark on the 2nd stage The mark on the stage which holds the 
substrate by the alignment system is detected, and it has the control system which measures the physical 
relationship of the projection reference point and the detection reference point of an alignment system of the 
projection system based on each detection result. Moreover, the aligner of this invention is set to the aligner 
which exposes a substrate using the pattern of a mask. The 1st stage holding the mask, and the mark 
detection system which can detect the mark on the 1st stage, [ whether the 1st mode in which the mark 
detection system detects two or more marks on the 1st stage is performed, and ] It has the control system 
which chooses whether the 2nd mode in which a number smaller than the number of the marks detected by 
the mark detection system in the 1st mode of marks on the 1st stage are detected is performed. 
[Procedure amendment 8] 
[Document to be Amended] Description 
[Item(s) to be Amended] 0029 
[Method of Amendment] Modification 
[Proposed Amendment] 
[0029] 

[Example] Hereafter, with reference to a drawing, it explains per 1st example of this invention. This 
example applies this invention, when exposing the pattern of reticle on a wafer with the projection aligner of 
a slit scan exposure method. Drawing 1 shows the projection aligner of this example, the pattern on reticle 
12 is illuminated by the lighting field (henceforth a "slit-like lighting field") of the rectangle by the exposure 
light EL from the illumination-light study system by which the graphic display abbreviation was carried out 
in this drawing 1, and projection exposure of the image of that pattern is carried out on a wafer 5 through a 
projection optical system 8, In this case, synchronizing with reticle 12 being scanned with constant speed V 
forward to the space of drawing 1 , a wafer 5 is scanned backward to the space of drawing 1 to the lifting 
field of the shape of a slit of the exposure light EL by constant speed V/M (1/M is the cutback scale factor of 
a projection optical system 8). 
[Procedure amendment 9] 
[Document to be Amended] Description 
[Item(s) to be Amended] 0122 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0122] Moreover, although the technique of the above-mentioned example is explained about the base-line 
measurement at the time of the alignment of an off-axis method, it can expect the same effectiveness by 
application of this invention also in the TTL (through THE lens) method using the inside of the field of a 
projection optical system. Thus, this invention is not limited to the above-mentioned example, but can take 
configurations various in the range which does not deviate from the summary of this invention. Moreover, 
according to ttie above-mentioned projection exposure approach, the effect of the drawing error of the mark 
for measurement on a mask can be small suppressed by asking for the parameter (offset of a scale factor, the 
scaling of a scanning direction, a revolution, the parallelism of a scanning direction, the direction of X, and 
the direction of Y) which matches mask system of coordinates and substrate system of coordinates by the 
least squares approximation etc. according to the location gap called for eventually in each location of two 
or more marks for measurement on a mask. Moreover, according to the above-mentioned projection aligner, 
by equalizing the measurement result about two or more marks for measurement by the side of a mask, the 
drawing error of the mark for measurement of a mask is made small, and the amount of base lines which is 
spacing of the origin/datxmi of a projection optical system and the origin/datum of an alignment system can 
be measured to accuracy. Moreover, it is while according to the above-mentioned projection aligner making 
it correspond to two or more marks for measurement on a mask and forming two or more the 1st reference 
mark on a reference mark member, Since two or more the 2nd reference mark is formed from the 1 st 
reference mark of these plurality at spacing corresponding to spacing of the reference point in the exposure 
field of a projection optical system, and the reference point of the alignment system of an off-axis method, 
respectively, and equalization is performed also for a reference mark side, the amount of base lines is 
measured more by accuracy. Moreover, according to the above-mentioned projection exposure approach, it 
can ask for the response relation between the system of coordinates on a mask, and the system of 
coordinates on a stage by the high throughput by choosing the simple measurement process by quick mode 
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if needed. Moreover, according to the above-mentioned projection exposure approach, the response relation 

and the amount of base lines of the system of coordinates on a mask and the system of coordinates on a 

stage can be calculated by the high throughput by choosing the simple measurement process by quick mode 

if needed. Moreover, according to the above-mentioned projection exposure approach, when exposing by 

the scanning method continuously to many substrates since the simple measurement process by quick mode 

is performed whenever it exposes to the substrate of predetermined number of sheets, the response relation 

and the amount of base lines of the system of coordinates on a mask and the system of coordinates on a 

stage can be calculated by the high throughput. 

[Procedure amendment 10] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0123 

[Method of Amendment] Modification 

[Proposed Amendment] , 

[0123] 

[Effect of the Invention] According to this invention, the effect of the drawing error of the mark for 

measurement on a mask can be suppressed small. 

[Procedure amendment 11] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0124 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0124] Moreover, according to this invention, the amount of base lines which is spacing of the origin/datum 

of a projection optical system and the origin/datum of an alignment system is measurable to accuracy. 

[Procedure amendment 12] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0125 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0125] Moreover, according to this invention, it can ask for the response relation between the system of 

coordinates on a mask, and the system of coordinates on a stage by the high throughput, 

[Procedure amendment 13] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0126 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0126] Moreover, according to this invention, the amount of base lines can be calculated by the high 
throughput. 

[Procedure amendment 14] 
[Docimient to be Amended] Description 
[Item(s) to be Amended] drawing 1 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Drawing 1] It is the block diagram showing the projection aligner of one example of this invention. 



[Translation done.] 
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^gPW (6) ^X7"-5^ (4) ±JCBHSL. TXiJ' (1 
2) :&t;Ste (5) ^^Offl«W^S:jii3g07?lp]ti:{WI)«L 
T^ift^-drT. -^X^ (1 2) ±£D*m(Dita'Jffl^-^ 50 
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OrtCOlOOffS'JfflV— ^ (2 9 A, 2 9B, • ■ •) t 
X-r-^^ (4) ±03>tlS-rsS^v-^ (35A. 35 

B. -•••) tcotumirtim^mmfmu ^n?>«ia^o 
HLmirnm^o. vx^ (12) ±<ommmt:^v—:^ 

(4) ±cDai^3^^05*lSMi^*5R«>SfecOTfeSo 

[0 0 18] ^fc. :^mmcx^m2(oiSBmy(i:^m 

(8) (Di&mzm^ (5) ±cDfeSi*a6fflC0x'~^CDfit 
B«:«im'rS/'ca60:^>^ • T^v'XT^^OT^'Y^ 
1^ (3 4) ^iEBL. -x^X^ (1 2) ±tc-^a)tB^6g3S: 
^ttO^JfqJtCffi^OttSOT-^-^ (29A — 29D) ^ 
fB^U tS^^^?^ (8) (DS7t>^^-;bKrtcOS^^ 

^:t:7 • r^>'X75-iS(DT^-^;^y (3 4) oa-^ 
^.^op^Pitcm-rsp^PiTm 1 (Drnm-r-^ (3 5 
A) Rtf^2oa^v-^ (3 7 A) tmm.'^nrcmm 

^-^^U (6) ^^X-r-i;^ (4) ±lCgaBf So 
[0 0 19] ^LT. • Ti^iyTsyj^o:)^^^?^^ 

(3 4) -eS^gPW (6) ±C0^20S^PV-^ 
(3 7 A) ^ffi^LfcmiT\ -TX^ (1 2) ^^aulEffi 

*f6^^7iSo;'5-fR]tc^ga^-^T. vx^ (12) ±(Dm 

©CcDthiOM-^-^C^rtO 1 ooStSOffl^-^ (2 9 A. 
2 9B, • •') ^X-r-v^ (4) ±0111 tDS^V-^ 

(3 5 A) irofiM-rnm^in^^ttsijL. ^n^ttiscco 

>hm (3.4) T'a^Lfc^O|g2(DSPv-^flDffiS 

-rtificfct). mmft'^^ as) o:>m^y^-j\yh*^(o& 

mj^.t:ty • Z^v'X^^CDT'^-f^^h^^ (3 4) 

a^ifS oP^PS;^5Ri6 S So 

[0 0 2 0] ^fz. :^^m(Dm3<Dt9Lmnyty3mi±. ^ 
(Dm2(Dmmmyt:^mic:^i^r. mm^-^^u (e) 

±IC. VX^ (1 2) ±0^«Sfc(Dti-SiJ^-^-^ (2 9 A 

-2 9 D) tc5*js;^-itT^c>^ 1 (omm-^-^^^imm 
(3 5A-3 5D) m^-t^tmc. cn^mmcomi 
(omm^—^ (3 5 A~3 5D) ij^^^n^en&^yt^ 
^ (8) (omi^y^'-/vv^(Dmm}^.t:^y ^T^iy^ 
y]^(DT^^y<>^h^ (3 4) (ommj^tcommi^icim 
^^mmi:-^(om2(Dmm^-^^m^m (37A-3 

7 D) Jg^L. VX^ (1 2) RlfX'r—iy (4) 

(1 2) ±OMiS(Oti-SiJffl^--^cDrtO 1 ooftSMv 
(2 9 A. 2 9 B, • ••) tXf—zy (4) ±c05t 
Jt>t*Sm COS^PT— ^ (3 5 A. 3 5B, • •) t<D 

{4B-rnfi^|ii:^tfSJJ-rs^«te:. 'y^iyy.:fj^ 

(DT^^;^>h3S (3 4) TMife0^2iOS^-^-^fO 
rt^Dj^iS-rSS^-^— ^ (3 7 A. 3 7B. • - O^g 

m^-^-^ t(D^n^ti(o{iLm^rimo:>w^i^m^U:ty 

• 7^>^X:^^CDZ-^-<^>h2^ (3 4) TiSlgLrc^ 



0 



(6) 



tmytm^ (8) co^yty-f-ji^b'fHommi^t^ 

y 'T'>>'7s:^^<DT^^>i>hJ^ (3 4) <D&m}^.t 
[002 1] ^^IC. 2(i:f|ga<D^ 4 <Ota^g^73 j* ± 

5Eof8Wi:|BlUHuag|5k::fev^T. ±m<Dm i OJS^BJt 

(2 9 A, 2 9B. -■) tM^--r^mm'7-'^ (3 5 

A. 3 5B. • ■) t(o^n'e^<DiiLm-mm^Mii>^m 

^<D 1 OcDffSiM T-^ (2 9 A) i:^OXT— $^±(D 

MiS-rsa*^— (3 5 A) i:©ffie-rn«^ i m/s 

fttfSiJL, ttiljfflv-^^ (2 9 A) iiSS?^-^' (3 5 

A) t(DiiLm-fnm^wimmcMib:bm2j:mt:'t<D 

(1 2) ±0^11^ 7. f— 5^ (4) ±(Dmm^t(r)M 

[0 0 2 2] Src. *fgW®^ 5 OlS^S^tT^Sfi, ± 20 

kE©?1HJ;| t |H) UHU«gPlc fev^T, ±jiEC»IB 2 OSiJIi^ 

(6) ±(om2<omm-7-^ (37 a. 

3 7B. ■•) ^SmLfct^ffiT, vx^ (1 2) ^Sr^O 
+g>rJ6^*^S(07b-|qIt^l!)^-i±T, tx^' (1 2) ±© 
Jt^CDtfiiJfflT— ^' (2 9 A. 2 9B. • •) (DF*3CD 1 O 
©ttiiJfflV-^'il^lOSipT-^ (35A. 35B. 

•••) toD&m-fnmmmki^m-r^m i i^i: : ^-7 • 

7'i7->X75r3SOT7'l'y>hlSTS^v-i7gp|t (6) 
±©B2 0»?|S^-^ (3 7 A) ^M^L/-c4^.«T% V 30 

x^> (1 2) ±<Dm^<Dn\-mm^—i'(Of>^<DWi'^(Di'^ 
(omm-^-^ (2 9 A) i:^i(Dis^v— ^ (35 
A) t(D{iLm-m&^m^mcs\-m-t^m2T.mt: ^ 
ne^ 1 xigi:m2X8fci39if-^p,*^-7^^as^-rs^ 

ii^bfcii2cDa2pv— ^^oeg-rng-t 0. ^ovx 

(^-x^-O*) **J6S^4XSi: : ^m-r^i><o 
[0 0 2 3] *ISW©M6<DjS:Kli5t??St4, ± 

m<D^mtmcmmmc$si^T. js^^^js (s) oja 
«§tcffi« (5) ±<D{iLmTikibm<D-^-'^(oiiLm^^m-r 
^rctb<D^y •T'^>'7.y3^<oT'^-f:<>h^. (34) 

«:eSU -vx^!^ (1 2) ±li:^©tBMW%^tt<?);i^lRj 
l-MIS<^ff1-!f?JR1V-^ (2 9 A, 2 9B. •••) ^Jgfig 
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(Oa*Pv-^'A^}^fig*nfcS^v-<:7g|5*J (6) ;&X-r 
— (4) ±li:iS«L. cti^m^omm-r-^ii^co 

H 1 (3 5 A, 3 5 B, -■) RUm2 (3 7 A. 3 7 

B. ••■) <Dmm^—^i}-^^iiK>. aa« (5) 

3^T'S^T-i^gl5« (6) ±(D^2©a*iv-i' (3 7 

A) ^mmLrmmx\ tx<> (1 2) ±(Dmm<Dnim 
m-^—fo^n<o^^<o 1 ofDwaijffl^— (2 9 a) t 

timt^mi(OWm-^—^ (3 5 A) i:<D{irB-rtifi^ 

V • r^i'X:^S07'^-(*^vh3^-??a^L:rcll2 0» 
m-^—i' (3 7 A) cDGtB-rnffij;^. ^(d-x'x^±(d 

ffi1S3St^©X-r->^±(Dffi^JSi:OJt)SMi^i;. 
^>'X73^©T'7l'>«>H^oaip^i:<DW|ii ('^-X 
[0 0 2 4] 

ti, ^X<^ (1 2) ±{c?g^£DtfiiJfflv-^;&gHBL. 

-^'SPW (6) ±tciaHb, vx^ (12) &t>'Xx- 
(4) ^Xx'ylf>d^7?^T'2l»)^*^P.. ^n^no) 

ifi{HI§FfcJ:oT. vx^ffi^l^fcSffii^ai^ii^&J^ffSf^f 

ItS^-^^pf-:?? (fS*. Tfeitc^^lPlOX-y-U lal 
e. ^S73[Rl©¥tTa[, X:^(RiJ!:t>*Y73lPl03r7-b-y 
h) *:*46^ci:{cJ;'3. vx^' (l 2) ±Oti-iSiJfflx' 

[0 0 2 5] S/c. iK2C»^P^iS7t73aii:J:n«\ VX 
(1 2) <filJ(0^«^<Dt1-SiJffl-T-^'tcB|-r5tf»5^^ 
¥l^fkf -5<ii:tcJ:»j. ^x^ (1 2) (Dtf-i'Jfflv-i' 
(OJSili^M£0!^^*/h*< LT. tSKT^^?^ (8) (DS 

^,^«i:r^-t'><>i-2^ (3 4) ©a^^ji^iroiiapsTfes 

'^-X^'i'^fi^IESitctfSiJT'l^So */c. ^3(DJSi$ 

S)t:)^jtfcj:n{f, «*P-7-^aJtt (6) itc. -^x^ 

(1 2) ±CD}tSSjOtf-iiJfflV-^7 (2 9A~2 9D) \Z 
n^-^^X^(Om 1 <DS*<S-7-^;&^IiScfi (3 5 A~3 

5D) fgfig-r«i:«tc. c:ne>as(<oMi <Da?P-^-^> 

(3 5 A~3 5 D) *>?.^n^tl*g^^#l^ (8) <Dg 

;><>h?S (3 4) ©»Jp^5i:<0P^Pitc«JS-rSF^PST-^ 
(Of^zaym^-^-'i^^mm.m O 7 a-s 7 O fgegb 

J: 0 IEfig{C-^-X^-r >M*<H-8!iJ?nSo 
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[0 0 2 6] ^mM(om4(Dm^m^:^mcj;:n 

J&SWLTffSOfflV-^ (2 9 A) tmm^-^ (3 5 
StC*5(/^T. MtC^i^H-aJfflV— ^ (2 9 A) 

[0 0 2 7] fWjitti:. ^5(7:)Si$S>t:75-J£^c<J:nti\ S 

LTZ'^-<;?^>'b^ (3 4) -umzcomm^—^ o? 

A) ^m^U/ct^^.T\ lOCDttS'J^V-^ (2 9 A) 

trnKomm-^-^ osa) ^offia-rna^ iihi/c 

[0 0 2 8] ^fc. m6<DtsBm^yjiiiic^tii£. mm 
(5) ^mm^^ict^-r^mic. fiP*&m^tscsto»« 

(5) tcSTt-r^Stc. :^-:7 . 7^>'X:j5'SOT^-i';^ 
>hl^ (3 4) -e^2cDK*V-^ (3 7 A) ;&S^L 

rcVimT\ locotfjfliifflv-^ (2 9 A) 

(3 5 A) tcoitim-rnm^ immmmi.. c 

[0 0 2 9] 

hx^^>f|^75rSO}SEgM^^llTl^-^^;l/C0/^^'- 

L ic^^^m^mmmm axr. rx u ^y hVi(Dmmm 

±{cSg5i§7t^n^o CiO^lc. IST^TtE L^DXU ^y h 

[0 0 3 0] 2SLLf^xyN5^Digi!j|^tcoi/^ 
Ti5i0^-r^tc. u^^;i/^}^&9±tcYia::^fqi (0io 

iy] Of^mm^n. COU^^;l/Y|g®!iXT— o± 
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^tcJ:l9ffiW^nTV^So ^^^;bffiS[/MgaiiX7^-i^i 

•5o \y=^^)VW\MW}:^'r—iy\ 1 ±tc(i:^iJj^2 1 

SHB^n. i^^^;b^it&9±tc@aB^nfcT^tf-i 4 

tCck-^T. m^l^9^^;l/1S/J>|gi!jX-r-S/M lOX^r 

j$ff- 1 4 cfc »:)f#e>nrc{fi[@if^s i *<±sijsiii^2 2 a 

[0 03 1] — T?. ^7X/N^^^ 1 YW75riPltC 

i^iIlfjgftife^x/NY$ftigEi!iXx-S/'2:^^iS((l^n> ^co 
±tc Xffl75'fq)tC|gSjgffi:S:'^x^NXffl|giftX7"-iy^ 3 ;^)^ 

fcg^n> -^foiicz effligi&xf— >^4;bwt?>n. 
coze fasgaxT^— 4 xtc ^^^x/n 5 

20 Z eM|gi&X-r-v^4c7)X>^rRl. YT^IolRO^e^^fRjOffi 

^±$IJ^IS2 2 AtC^*&^nT(/^;5o ±$^JP^2 2 A 
{t. 'i7X7N^i!3^g2 2 B^^/M.T^x/NY$ftSgi&X 

•r->^2. '>x>'NXtt|gi&xx->?3. zewiKiftXT^ 

[0 0 3 2] ma>-r§*^ '^X/NfJJCDT^tf-1 3 

ic J; o T m-fflij ^ n ^ inline J: D ^ n ^ ^ X/ Nffiif 2^ 

0 WfggjXT^-i^ 4 ±cO»^X7N 5 03fi^tcS*p-^-<5^3E 
V-^Ocf^tCtiZ 0ttig|j[|X7^--i/'4(RyjC?ji*WcRP^ 
[0 0 3 3] 1 2<0±.l5\Z\t. m^^— 

40 t/2 0:6^^il^nTV^^o CCDtf^. U^^;l/12;b^e 

50 [0 0 3 4] ^/c. ±3rfiJ3^2 2 MClt. 
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-^P-^ti4^-/p-K2 2 C^/>LT3&®J»3^2 2 A 

[0 0 3 5] mc. :^mcDRBmytmmic^^^T. 

Ji|T*r« ^TOS^— '^r VXJCO^^ 2 0:7P— ^-v— F io 

^mMi.rmm't^o ^'fm2(Dx^y:f\ o i 

(i. 2fflOl^^^;l/7— A2 3 ARtf 2 3 B C 
nei/^^;l/T— 3 A. 2 3 B^caiSS^nfcT-i^. 
[Hlli$fi2 5 C(DT-L.mm2 5^[E]$5^-^^lHl*s 

^a2 6 ^.^D«^^nTi/>;5>o b^^;br-A2 3A 
:^Zf2 3 BOl^^^;l/tEgffite:ii^n^nK^eS^fflO 20 
S^;2 4 ASt;2 4 B;^^JK^^nT4ot). U^^JVT-L. 
2 3 ARt/2 3 EitY-L.mm2 5 LT-^-n^'tl 

[0 0 3 6] 2<DP-FB#tCCi:. {Lt^A3T 

^^;l/7-A2 3 A±lc§:^tig^n^o ccomicmy^co 
lx^^;VT-A2 3 Bt^. fi^J^tftuXgT'ffiffl^nfcU 

Tsk) \Z^-dT. l/^^;l/7'— A2 3 A±TU^^;l'l 2 30 
A'^il^ff^a^T— ^0«jKtCT'^^7«>F^n/cft. 

2{iU^^7l/T— A2 3 A±tcK^B5«^n^o 
S2(7)X7^'yy 1 0 2^^:fc^.^T. lHiei^«2 6;b^^ 
7'-A|Hl^iffl2 5*/M.TU^^;l/Z-A2 3 A^IhI^ 

[0 0 3 7] CCD^^. K^®S^O?t2 4 Ati. 

y3\^(Dm^mcii^mLrcVimr\ u^^;i/r— a2 3 a 

{iU^^;l/^/J^igilJX•r->^l l±tcU^^;H 2^S 

SjXt^-S^I 1 ±tcl^^^;l/l 2*^5t-r^ 

/hffittXT— 1 1 ±OK^®«®tc 2 3b^i! 

B^n. 2(7)§ttiSL^7ttti:U^^;l/T— 

A2 3 A;6^3lai!-r^o ^(O'ik. U^^^l/^/jNSgiSlXx- 
'>*1 1 Tb^fiBC 3 07?fpIlCl-'^^;H 2;&aSigLTfT 50 
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<o C(Of^Ac. U^^JVy—L.2 3 A t 2 SB tmiiL 
[0 0 3 8] ^tc|g2<?)X-r^y:/'l 0 S&rfTU^^JV 

ic-o^mm^^o m4 (a) tiu^^^n 2±cor^>f 
(b) \tv^^ )\^±'x:nB^^%<om^m^y 

3 3 R P^TtD. X U F**c<OBP^^«0^ 3 

^|q]^x^|R3i:'r^o 04 (a) KIQX^^X. 
2±Ofti^gP(0>'^^-->?aigcOMIHtCti:3g3tgP3 1 
fiJc^n. CC0^^7tg|5 3 1 0^1.MtC?g^^nTl/>^b^^ 

^ti. >^:7^t— ^fflT^-f^vFv— ^ 2 7;^tf 

28^:. :7z-f'>7^-r;?^>Fv— ^ 2 9 A — 2 9 DR 
tf3 0A~3 0D^tc5i^tt^nSo :&3affl!lO-^:7-9— ^ 
fflT'^-r;^>F x^— ^2 7fi. ^^75riRlTfe^ y:^[plti: 

cD^:7-y--^;Hr-^-r;^>Fv-^2 sfi. :6}ai!iijo^ 
[0 0 3 9] ^fz. fesniiiomgP3 1 h^y-^-^-m 

Z'^-r;?^^ Fv— ^ 2 7C0— ^C0+?^/^^— >^(DRg 
tc. y:^fp]tCjfigELT37y^>7'^-rp^>Fv-^2 9 

A, 2 9 B:6^jfj^^n. ^mm(r>m^^3 i i:^^-^— 

^fflT^'Y;?<>Fv— ^ 2 7 0ffi7^0+^>'^^ — 
r^tc. y;^lp]lcifi}gLT>^r-r>7''^-f ^>Fv-^ 2 
9C, 2 9 D3b'«Jg^^nTV^;g>o C.ti^yr^yT'y'^ 
^VFv-^2 9 A- 2 9 D^Jt^PJ^SgiC^iafJltC "7 r-r 
>T"^-r;^>Fv— ^ 3 0 A~3 0 D:^^Jg^^nT^' 
0. cn6:7r-f'>Z^-r^>F-T— ^ 2 9 A— 2 9 D 
Rtf3 0A-3 0Dti. 0 4 (a) 
^^LT^LTfe^:6^||i^tC(i^n^n0 4 (c) 

-r<j:-5tc. si^commw^^-i^^x-fsmm-^mmx 

[0 0 4 0] 9ztm2(OX7-yy\ 0 3tC^ot/^T. 0 4 
(a) (Dl^mm(D'yy'^-^mT^^ :^>h-^—^2B 

^m\<r>v^^)\yT^^:^yvmmm. iUT. tra^ 
wms ^i/^d) 2 0Ti^m'r^o 04 cb) t*. ^<d^ 

^ORAM^^l 9St/2 0CaU^^;H 2±T'(0S^ 
UMl 9 RS^t52 0 R^^L. "yy^—^^Viom^ 
Ci. •^:7-»t-^fflZ^-r^>F-^— ^ 2 7St>'2 8ti. 

^n-rnM^fi^i 9 R;^t/2 0 Ri:o^ii^«Tfe*:). 

B. '::>^aii7t:7 ^ — ;l/ F 3 3 R J; €>i1^(gy 

tc^So cnti. ^(7)^jc^:7-9— ^fflz^^r 

^>Fv— ^2 7. 2 8(iA^< LT:fc<i2Sg^^fe^ 
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t^.<DmmifC o ^ la 5 ^#.^ l r EttB^-r ^ o 

[0 0 4 1] 125 (a) ti:. ^^^it-^fflZ^^ ^ > h 

(b) ^±05 (a) ^ffi/hL/c:0Tfe?). COl^S 

(a) St? (b) tC*5V>T. R AiSII«®2 0<DjE:??Jg<D 
^^^1^2 0 Ref CDilf^W^LT. 2<on?^ 

icM-r^^^^- xDmmmm t mmmm t (D^commm 

^AR^-rSo SEoT. 1^5 (b) K^-t^olC. ipSA io 

2 8 0— 75'0+^^>'^i5? — >2 8 a:6'«ig:>*r#^nTV>^o 
1^m5rr*ti^O+?^>'^^->2 8 aOxg|«Rt5yffi1i 

misbic^(D^yN(Dmmm2 o Ref ^^^^-r^o 

2 8 a(OxmmRZfymm^Mi6^o 

Co 0 4 2] ^(Dfcibiat^ jEOHia a OgSXgp;^ I N 20 

T (a) Ta^^Oi:LT. ^(D^,^R(OiEy3m(Dmi^ 

^^(D^'BVjcD^mmz 0 Ref T^^f ^sfsoiHi^-e 

fe^-*t-5^ili®ii(fi. {INT (AR/W) +1} 

CD^atlSB 5^ct^vLN^Lfc-=etDitfSA ROIE^^-fgOlMlgc 
tc. f4i6tC^n^tli|iW(0 {INT (A R/W) + 1 } 

m(DmmmA5, bs. cs. ••••^^^b. 

^X-r^vlf ^^'^LTlffi^^lglS (a) cD#$J!itI^2 0 Ref 

[0 0 4 3] 05 (b) tC^-rJ:^^^. 'P^< ^tifgA 
R X A R c7)1^-^ffiH4>tC-9--^5yf^(D7^-r ^ > h 

5*LT+^Mz:7^-<^>hv-^2 8:b^:^^l^o ti^o 

T. c(DT^^y^yh'^—^2sicMi.rmisby3i^\cm 

;?^>hv— ^ 2 8CD+^>'^^ — V2 8 aOffiH^l^ailT 
[0 0 4 4] 06 ti. ^cOcfc^tci^^-YVO^^^^jfin 

WLxmibnrzm^^ (ommm^^TjkL. me Ca) ru 
(d) «05 (b) (ommmmA sT^^n^ xyj^R 

zfyy^mcii^'^mmm^. me (b) rxj (e) (ias 

(b) OWa^II^B 5Tf#^n^x7?fRj25:D*y7jfqllcKi" 

vmmm^. me (c) (f) i^tms (b) 

M^C 5 T'tf^tlS X T^riolSt/y >JrpIlCfa3 iiJ^S^T' 
feSo 0 6 (b) <Dmmmt^^+^-^i^ — >2 S a(D 

xmmti^Misb^ti^ 06 (f) <Dmmmmi^ib+^^^^ 50 
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— >2 8 a(?:)ygiS:()^^i6^nSo 

[0 0 4 5] ^2 8 

^mttiLtzm^. ^J*t±0 2OX7^*yy 1 0 4JC*5l/^ 
T. R ASS^® 1 9^DS^m«t-^:7+h-^fflT^^;^ 

— ^ 2 7o{iM^i^m-rso mL. c<d^^. 0 1 

m^-^m 6 >(D»Sl.^gP^*^t9:^5t^lS 8 CDS 

>hv-^2 7Rt;2 8^*S{EiJ;^^^H^0^-rSo 
[0 0 4 6] >>->XT:\ 0 4 (b)cDRASi 

mmi 9RU2 o(Dmmm^i 9RRr52 oRjc?t-r 

^tc. R Amumo:>mmmm 1 9 RRzf 2 OR t 
^15 6 ±<Dmm^- ^ ^ R A mmm 1 9 at; 2 0 -et+a 

>T^-r>«> hV— ^2 9 A — 2 9 DRD*3 0 A~3 0 
[0 0 4 7] mL> *««JTti. lSi^^^^8^P>X11 

^ >^ f ^- ^ i: "7 r ^ ^ > h -r-^ ^^^t 

t/2 OTZ-^-l'p^^hV— ^^IWiflttctT-^ 
[0 0 4 8] ^^tc. yr^>T^-r;?<>'hOi>— ^VX 

^jV7s'r'-i^(ommf^mmc'o^mm't^o 07(a) 

ti:»>a:/NX7"— v^O¥ffi0Tfe?). C<O07 (a) Jc43 
i^T. z efilEiljXT"— ^^4 0±tc»>x7N5St>'S^*^ 
-^^56:6^sas^nT(/^So ^rc. zemmmys^-iy 
4±ic{t. xmm^mmi xRxfYmm^mmi Yif^rn 
&^n. ^jL/\5±vm4 (b) (Dxv y hVicommm. 

^3 2tc?JjS^SXU *y h«OFSB/Mi|?3 2y\/f)m^yt 

r-mm-^ti. mmmm.i 9wstf2 ow*^^nrti0 4 

(b) (ommm^ 1 9 Rst;2 0 r ^^t^^TfeSo 

[0 0 4 9] ^it)^7 X(c:(i:. xlftlc VftTHo^n^ 
^ilS^teSS^CjttoTraPil L<D!x—tf-lf-ALWXR 
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1+Y2) /2Am^e>nSo Sfc. <?ij^(fffiSfiiYi 2: 

Y2 tcDm^t^^z 9mmm:^r^-i^ 4<Dmnyj\^ (0 

[0 0 5 0] l^tc. ^^75-fp]T^^Y:?^fpjti2{a(?:)^j$ 

[0 0 5 1 ]^7 (b) ti. 1^^^;1/Xt— v^cD^SO 
c<D07 (b) tc*>i^T. U^^;l/Y|gfijX-r 

Rr/yfftffltD2f@0^®!jM2 1 y 1 . 2 1y2^'^H^^ 
n. ^Ja®2 1 xtCtixIfttCTfTtCU— "f-e—AL R 
xOTSJ^^n. ^©1^2 1 y 1 , 2 1 y 2 tCti-^-n-^tl 
y latc^ff U-^- A L R y 1 , L R y 2 3b"^peW 

CO 0 5 2] ^x/NX-r-s/'^iRi^tc. i^^^^vm^^m 

SjXt^— 1 OyT^fRlOffillti:. b—tf-ti— ALR 
y 1 :S^t?L R y 2 2fflOT^ItTtf-aiJ^n/'c 
i^i^ffiyi BiD'y2 (DW-i^m (yiH-y2) /2A'«ffll/^c, 
n^o ^/c. x)7fpic7:)ffiflfi. If— If-AL R 

[0 0 5 3] ccom^. ^myj\^r^$>^yy3\u}<oi^W}m 

2 1 y 1 , 2 1 y 2 ^ LTfi:3-^^:x-:/^CDSI4S 

mf^^mm^nr^K>. ^mmz i y i, 21 y 2-ejgs^ 

^n/cU— ^f— e-AL R y 1 . L R y 2 ti^n^^tljg 

^/c. ^Ji^NX7"->^±i:l^^itc. 2± 
ICXU ht^OKBB^fgigES 2RQ*R ^mWim 19. 2 0 
<OM^Ii^l9R. 2 0 R^^EM^nTl/^-So ^LT. 
ll^Sg^l 9 Rj^t/2 0R/cttA^6. 2^13 
7 (a) CDZ 0^|gi!jX-7^->?4^g|^T'^^«ltc:&o 
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[0054] laS (a) ti. 04 (a) 2 
^137 (a) i7)»^Pv-^^S6±lcSiJLTt#^n^U 
2W:S:^L. CO0 8 (a) tCfcV^T. 13 4 
(a) ©:7r^>T^-rp«>'hT— ^2 9 A — 2 9DtC 
^*fS^S:"x^-^ft2 9 AW— 2 9 DW^. yy^Z/T'y-f 
;^>hv-^3 0 A-3 0 DtC±fcS;&v-^{t3 0 AW 
10 — 3 0DW^:*'«^^nTV>:g»o Sv— ^7f® 2 9 A W— 2 
9 DWRt;3 0 AW— 3 0 DWCi. ^n^tx^ 8 (b) 

[0 0 5 5] 08 (c) S?^-^— ^«6±C0K^V 
-^COSBB^^L. CCDH8 (c) <7:)S'^-V-^«6± 
iCti, 138 (a) COV— ^(^2 9 AW— 2 9 DWS:D^3 

0 AW- 3 0 DWi:(5(?!WI-<DgBST*^n^nS^V- 
^3 5 A — 3 5DJ^C/3 6 A — 3 6 D:6^?gj^:?nTl/^ 

cin^S*-x--^tiS*pT-^1S6a)«ffi;b^^. ^ 

;b^^^^75[p)T£»^Y75-fR]tcp^PS I LmmnrciiLmic 

Z'^-r^>hSE3 4 0S^^P.n&^coPpg(lT'fe;g,^-x^ 
-l'>«^:l|Ul/^o mittC. S*^-^3 5B&(Cf3 6B 
Oit'^S. S^V-^ 3 5 CRtf 3 6 CO»tJ^Rtf»^V 

-^3 5 d;&d'3 6 DCD^j^.f^^i^^n^nYyimcmm 

1 L/cittgfn/cfSmc. S^s--^ 3 7 B. 3 7 C&tf 
30 3 7 D;^^fe^^nTl/^^o 

[0 0 5 6] a^^v— ^3 5 A — 3 5 D, 3 6 A — 3 6 

Dit'tn^enms (d) tc:^'rj:atc. 7ffx7^joii: 

A — 35D. 36A — 36Dti08 (b) COT— ^{§2 
9 AW-3 0 DWcr)rtS|5tClR^^:^^$T$>^o ^^c> 
S?pV-^3 7 A-3 7 Dti. 138 (e) iC^t^O 
tc> X>^|RlStfY;^fRltcm^tf'y^TJg^^nfc*S^/^ 

[0 0 5 7] ccom^. ^irmZ(D7.y^yyi O SlCtS 
40 l/^T. X'T^yT'l 0 3:&t/l 0 40H-SiJtC J: 0#^n/c 
3^^;6>e>. 2 ^:R A^?S^l 9Stf 2 0^(0 

(a) o:7r-f >7^-r;?<y hv— ^ 2 9 A&r/3 0 A 

^tn^etiR Am^m \ brz^z ocommmf^ i 9 r:^^ 

D*2 ORrt^C^Ifi^-t^^o Xt^^;/^! 0 6tC^5 

i/^r> 08 (c) <Dmm'^-'>ms±cD&m'^—^3 5 
ARt/3 6 A^^n^^n^commmi^ 1 9 R&t/2 0 r 

i:tt®^fiSSa«l 9WRt>*2 0W (0 9 #03) Jc^lft 

■r^o cntdJ:'). 0 9 (a) {e^fcfc^ic. S^SB^ 
50 1 9WrtT^T— ^(gi2 9 AWi:ffl?t^-T— ^3 5 Ai:;b^|pl 



(11) 
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Co 0 5 8] H9 (a) tC^ol^Tti. ^1S6± 

^nrt^^o ^fc. 09 (c) icmt^vic^ mmmm 10 

7 A:6^^lR^oTU^^o ^UT. X U h X^^-V >igJtB# 
i:fsl«ti:. m7 (a) elftigRiXT— >>^4 >^^±(|ij 
(YT^TfRj) tC^ft-r^O^HWLT. m? (b) COU^ 

^;b?R/Mgoax-r->>?i i*^Tffly a-yyjm) icf^mt 
^t. m9 (a) t-^m9 (b) tc^fcfc^tc, a^N^ 

c<Dt^. RAmmmi9. zocommmmi 9vj, 2 20 

OW^;t^ • T^v-XT^x^OT-^-f ;^>h^^3 4 tit 
S^^tlTl^^cOT. M^^^l 9W, ZOWBLlfT"^ 

(v-^ft29AW. 30AW. ®'^'T-e735A, 3 
6A, 3 7 A) ;b>^??^D^W^nfc-r-^^ (x^-^ 
{t2 9DW, 3 0 DW. ^3 5 D, 3 6 D, 3 

7D) ST:6^^®iLTfT<o 

[0 0 5 9] 5fe-r\ T^Y;^>M^Tli?afta)g|9 (a)0 
111 0^±{4eT'(J:. a^Si^l 9Wcr)TtCT-^ft2 

9 A vjRzf&m^- ^3 5Af)^s>o. mmmm 2 o wco 30 

TtC(i:v-^f^3 0 AWRt/a^'^-<>3 6 Ajb^feO. 

• r^s/x:^soz^-r><>h^fi3 4 0T^ccj:a 
m-^—^ 3 7 Ati^^K>. cn^m^Af^m^nrc^—^ 

m^-^^o m 1 (om±iiLm'vmmmm 1 9 w, 2 ow:^ 
Amt^nrcr-^UT&K^. m2com±iiLmTMmm 

^19W. 2 0W&t/Z'^-r;^>'h^P3 4 0TtC#?t 4o 

^fi^2 9 B p. a^^-^3 5 B. 37B^)T'fe^o 
[0 0 6 0] U±<Ol$=&i/->5r>X^m3CO#±fiLHR 
t;m4tOl?il:{>i« (^9 (b) tOtt^J hj^Dii-rc^ 

6±c7)a^pv^^ii. nnAmi^rifcr-^m. 

9, 2 0Rr/^:7 . r<>i/X7^so7^-r;^>b^B3 
4tcj:oTtfffl^nTiK ci:ti::&>i>o ccoSbi'^tK m so 
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2CDX7"^yy 1 0 5— 1 1 OOSlf^Tfe^So CcD^itcL 

wim^^m 1 0 tc^-To 

[0 0 6 1] a 1 oti::iov^r. RAmum.i9vm^n 

— ^35 At^^-^—^mz 9 AW^TCDZ^^J^Oh^ 
m<D-<i^hJly^ALthZ. |WimcS^T-^3 5B- 
3 5 Dfo^ib'tn^n^—^mz 9 BW— 2 9 DW^TCO 
Z^^><>h^M<D^<>h;I/^B L~DLi:-r^o Ir1« 
tc. S^s'— ^ 3 6 AA^?.V— ^^3 0 A\N^V(OT^ 
-r^>h^MO^^h;V^AR<hbT. »tpv-^3 6 

B— 3 6 'Dt^^^n^n'^—^m3 o bw— 3 0 dw^ 

TOZ^-r^^hP.MO^^^ h;l/^B R — DR<!l'r>5o 
:i-:7 • Td^i/X*^OT^-<^>hS^3 4Tt# 

^•^-^3 7 A — 3 7 D;b^^^C0T'^-f';^>h^H3 4 
^TO^M-^^h^V^^n^tlAO-DO^-r 

Co 0 6 2] ^LT. ^M^^ h;l/A L, AR-DL. 

ifiij^n/'cx^[Ri(D^^ifB. En-fell 7 (b) cDi^-if-e 

-ALR x^ffll/^Tf#e>n/cJ^liffl^^n^*nR e a x 

— R e D X. PM-^^ h;l/A L. AR — DL, DR^^ff 

rct^(D. m 1 ^Dix'^^/i/ffjjoT^it 1 4 -eff-sy^tifc 
y:^rRioffiMfi\ in-fe^7 (b) ou-^f-if-AL r 

y 1 . L R y 2^fflV^Tf#^n/cM^fB^^n^*nR e 
Ayl— ReDyl, R e A y 2 — R e A y 2 ^"T^o 
^fc. -mM^^ hJVAL. AR — DL. DR^mtct^ 
(D. m 1 a)'5^3l/^flJ^DT^t^- 1 3 mSO^n/cXTufqJO 
i^^ifit. gp^ia7 (a) Olx— *f*-k:— ALWX^^ffil/^ 
Tt#^nfcj^^.fii^^n^'tlW a A X-W a D X. WM 
-<^h;l/AL. AR-DL, DR^mfct^cO. m \ (O 

'>x/N{ii(DT}$tf- 1 3Tthaij^nrcY75'fR]offiMfii. in 

-^mi (a) OL/— if-tr-ALWY 1 , LWY2J&ffl 

v^Tt#^nfcj^iifii^^n-?nwa a y i -wa d y 

1, Wa A Y 2~Wa D Y 2 ^T^o 
CO 0 6 3] ^fc. ^^^^ h;l/AO~DO^t#rc^^ 
:«-:7 • T^>'X:?5-ScOZ^-<^>h^MI?ffl(OT^ 

tmf&nrcx^fpioj^Mii. fin-fe^7 (a) (di^-^^ 
-if-ALWoF ^fflt^Ttten/cffi^.fii^^n^'nwa 

AOX-Wa DOXil'T'So CeD^-a-. 137 (a) Ic^ 
t^olc. '^x/nSUcOI/— tf— If— ALWY 1 . LWY 

2©X73[RioP^Pi(i I L-efcO. U^^yi/Jiyob— if- 

e— ALRyl. LRy 2^0•>X/^^B!lT^0P^Pi^iRLT' 
fe'So 

Co 0 6 4] m 1 0(DmM^'> hjVA LI?o^a6 

i^^tCO^iJJB^-r^fcA^tC, ^lORA^^^l 9(DmfS. 

^mmicmBE-r^o mi u±. RAmmmi 9Rzfii<D 



12) 
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5 c^mxmm'^-^m6±<Dmm^-^3 s a-s s 

b>'X4 5 G^^TS*v-^;te6±(DaipV— i7 3 6 
A — 3 6 D^BP^LTV^^o 

CO 0 6 5] mxirmm-^-^s 5 A^^mmvrcmt. io 

^^yh^-^ 2 9±te:-^OS^V— ^3 5 AcO^^Jg 

— ^ 2 9}^>^(D7*d?b^ fifp]^-^— 1 5. U>X4 0A. 
i^>X4 0 B^^er/N— "7^^— 4 2tCiiL. /N— 
^-4 2T2^^fiJ^n;c7t:6^^n^n2:^^7i:C CDcfcO 
^SXfftfflC)Siftlg^4 3Xat;Y(fiffl£0JS{t^?4 3 

Y (Disfts tcAi^-r^o cn^mmm'^4 3XRif4 3 
YtDfflftstcii^n-rniai 2 (a) ic^-r<j:^^. y 
r-rvr^-i'pOhv-^2 9 ARtfs*pv— ^3 5fi^ 20 

3 5 ARcDfg^^b^ggJ^n^o COtf-^. XttilCD^fgj-^ 
^ 4 3XcD}l{tM®4 3 X a(i. ^^i/nXt^— >-^±CDX 
7^f^tC^fT^^^T\ fi07j<^^S;^CD73fp]^>X77[plT 

fe^*'?. Y:«ffl<7)isfa*^4 3 Y(Dmmmm4 3 Y a 

(i. ^x/NX-r-v^^±C0Y7^[^tc¥tT^®iST?. R-DyR 

[0 0 6 6] SeoT. ffift^^4 3XO}S^fg^S 4X 

(OiD^¥t^;^^^S-4^-^-^3 5 Ai:Z^-r;?<>h-^-^ 

2 9 A^(DX;^lRl(0&Bmfi;6^^i6^n. ilfS^?4 

3 Y Oaftfi^ S 4 Y (Dtnm^i^t^ ib&m^- ^3 5 A 30 
i:T^-t'^>hT-^29A^OY 7?lRlO{&®-rnM3b'« 

*i6^n^o c:n?)}ifii{i^ts 4x&tfs 4 Y^Hi^ia 

[0 0 6 7] <fcOP*fflJC. H^^Amt^tlfc^-^m^ 

Amwmi 9TH±m^i£mi 2 (a) tc^^nn^^r 
•^-r^>hv-^ 2 9 A^a^-v-^^3 5 A R^^^i^ 

^teifl^^^o C(Dmi 2 (a) tc*3l/-^T. ffl^JSTH^ 

nrzmmm[& 4 3 x a Rt; 4 3 y a rtowgift^ s 4 x 
^zfs 4 Yi)\ «^jaagB4 1 i^r-Ti-u^fyT'z^^ 4o 

<D^'Mm±(Dmm7'-^it. m^9mmm4 irtT% x 

$ft;&Q'YffiTffijiti:j[iDg¥i5^n. inK^i^^n/cXfft 
fflOiiiftfi^S 4 X' StfYfflfflOlii^fi^S 4 Y' « 

^ti^timi 2 (b) Rtf (c) ic^.^n^<koic^ 
[0 0 6 8] c<omicLzm^nrzm^^mmiimi&m 

mz 9 AW^S?p-T-^;£6C)S2^'T-^3 5 A^OX so 
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75rfp]Rt/Y7af[pICDffl«6^^teH-rnAL' x RtfAL' 
Y 7b^^i6^n^o -^LT. S 1 COR AS1?SM2 OtCcJ: 
0> v-^^S3 0AW^S^V-^3 6A^<DX:^[RlR 
t/Y77fp]Offl5>f6^;S:{4g-rnAR' x Rt^AR' y jb'^* 
i6^n§o iRllitCs la 1 OOV— ^ft2 9 BW— 2 9 d 

wi:M^pv-^3 5B-3 5T) iKom^m^^m^n. 

^If'^—^m3 0 BW-3 0 DWi:S*^— ^3 6 B — 

3 6 D iKDmnm^^itm-fnif^^^^n^o 

[0 0 6 9] L;b^L. 1 2 (b) cDZ^-r^> 

hv-^^ 2 9 AlcJ^iS-r^Sftfi^i:. S^-^-^ftS 

5 A Rtc^js-r^fflftff^^ti. -^n^^nix^^ywfflo 
i/^^o seoT. fif»jx.tf?f#A*Mt;^nfcx'->>p (^1 

0O29AW, 35A, 3 0 AW, 3 6 A) ^tt-SlJLT 
l/^^^OU^^;H|iJc?:)^^t1-£0tt-S'M11R e A X, Re 
Ayl. ReAy2i:. ^3i/N0JJ(DTj^tf(Off-aiMSW 
a AX, WaAYl, W a A Y 2 illcj* LT. =&X7^- 

Tfe'&AReAx, AReAyl, AReAy2^. A 
WaAX, AWaAYl, A W a A Y 2 iiTb'^^-r^o C 

^tlAL' X , AL' Y fC^^tlTl^^o 
[0 0 7 0] -^CTCj^xCcOJc^tC. ttig«Ccfc»?f#iBn/c: 

0 1 OCDZ^-TpOhg^SgcD^^ h;l/A L<DX^5J^ 
ALxS:t/Y^5i-A Ly i:^^o (ML. :j^ietc*5l.^T 

( 1 /U) Itm^ft^lh 8 OSS/jN^^Tfe > I L Stf 
R Lti:^n^^nia7THfi0^LfcFHPBTfe^o 

[0 0 7 1] 

[^1] ALx = AL' X- A R e A x/M- AWa AX 
[0 0 7 2] 

[^2] ALy = AL' Y-AReAyl /M- { (AW 
aAYl+AWaAY2) /Z- (AWaAY2-AW 
a AY 1) • RL/I L} 

[0 0 7 3] (WltitCLT. m\ 0<OT^^ ^>VWM<0 
-<^h;l/ARcOX^^^ARx RtfYfi!c5>ARY fe:^^;b^ 

[0 0 7 4] 

[S(3] ARx = AR' x-A R e A x/M-AWa AX 
[0 0 7 5] 

[^4] ARy = AR' y-AReAy2/M- { (AW 
aAYl+AWaAY2) /Z— (AWaAY2 — AW 
a A Y 1 ) XR LXI L) 

[0 0 7 6] ^tC. ;t:7 . 
gB3 4tcj: t)f#e>n'5SgS^1fiELTf#?>n^S 1 0 

«)(c^OT^-r>c>h^M3 4<o«|figti:o^ia 1 

[0 0 7 7] 0 1 3(i. ^tDr^^;^>h^B3 4 OP 
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V- S cDlHlfff ^^^1^1 HJ S rc a?>OT -7 ^ ^ > 

[0 0 7 8] 5tr. F I A^^^4 8{H!J:6^^Ui0^'r^ 
/eft. >'^~:77'UXA4 7Rt;{if^^^-4 6tCj:oT 

^OMD^tillH^^gS^JilJoTF I A)^^3^4 8tC 

MD. F T A^^^4 8;^jlilL/c)¥;;^VN«-y^yuXA 
SOAtcAI^L. ^N-y^yUXAS 0 A^^3@L/c^m 

0 ATjS*f^ti/c7t^>b^2:;^^c c D J:*:) 

CO 0 7 9] ^n^^nfDjSfl!^-? 5 1 XRtfS 1 Y(Di& 

m^±iat. mi 4 (a) ic^jkr^^^mmmsm'^n 

Ot&^ii&Tfet). 014 (a) 

#PS-^— ^ ^) ® 4 8 X 1 , 4 8 XZRZfY 30 

75rfnIfflCOfg^l-^-^ft4 8 Y 1 , 4 8 Y Z^^fSfti^nT 

So 

[0 0 8 0] mt^mcit^ m \ 4 (a) OfpTX7?lRl^ 
«S^^lR]0}HtSa^ 5 1 X aRt/Y:Srfp]i:±tfS;S:;^fp] 
<Dja®^^5 1 Ya*^ ^n^tlHl sosftm^s 1 
XRt/5 1 YTSft^nSo }lf^^^5 1 x;^t/5 1 Y 

07j<^^ iS^tOTa fpi ^ n^n X ^fR]Rt; Y:^\^t ±ts 
>5::;^iq]T^fet)x Jift^^s 1 xj^zf5 1 YfD^n^'no 4o 

ti^fi^ S 5 XRt; S 5 Y 1 3 Ofl^fflagS 5 6 

tcmse^nso m^mmmm5 6T(i. umi^s sx 
s 5 x' Rzjm 14(c) (ommm^ s 5 y' ^ 

wm^4- 1 6 5 8 smcm^-^nxi^^^o 
[0 0 8 1] mmamt-r^m^^—^tm 1 o<om^ 

V— ^3 7 AO^-a-tc, I^i 4 (a) ^DIli(gi5a5BtcJ:>} 

ff^ns. S^-^— ^ 3 7 Ao#psx'~>7tc5^-rsx:^ so 



#llfl¥ 7- 1 7 6 4 6 8 

24 

fp]RD*Y77fpi(^ts5^&5^fjiS'rn^^n^'nAo' «r 

mi (a) (Dzemmm:^r—i^4(DmvtmmjSiifmn 
mm^mi^TcmtiK mi o<DmM^^h?\yAO(Dx^» 

AOx RZfY^^AOY t^^o fib. 01 3<DF I A 

^m^4 Slcmt^T^Xf&^AOx Rt/Yfig^j^AOv ^ 

^ti^nAOfx&D^AOfY ^-rso ip-^. :^^ieAM#^n 

So 

[0 0 8 2] 

[i!(5] AOfx=AO' ix- (WaAOX-WaAX) 
[0 0 8 3] 

AOfY=AO' fY - (WaAYl +Wa AY 2) /2 
[0 0 8 4] — 75". mi 3(DL I Z^^tsT 

L I 2. >'N->':/uxA4 i^mmLmk. 

flfq}^^~4 5T{ifpI^nTS^V-^^g6±0[nlSf*S 

mytit. fRic^ti^^iaioTL I A^^3^5 2tcMD. l 

I A^^^S 2^31}§L/clH]|ff7tti. /N-:77'UXA5 
0 B T 2 5i^fiJ^nTX73 fpIfflO^Tt^^ 5 5 XRlfY^j 
|njffl(0§^m^5 5 YtCAIt-rSo 
[0 0 8 5] CCO^tC. L I A^^3^5 2F^T^U— 

)^ig^ll*'«^xenTv^So ^n8 2 0(7)u-^f^co^ 

S ® a ^ A*t^ TSm X— <^ Ifi 6 ±0(Eltff 
mv-^tcE^S^^n. ^OS^v-^tcJ::s>^n?>2* 
OU'—tf7tO± 1 :;5^[HlW7t;0'^. ¥tTtcS*v--^jg6 

'^-^(DxmmRUYmmifCjt.crmit'r^o ^lt. 

^^«^5 5X>b^^ti. S^-^e-^CDXJ^S^eilSUTffi 
ffl;^^^{kLTV>SiiI?S^A f<D\£-hm^S7Xif^mt} 

CT^^Lffl5^)^^^tLTl/^sj^^siScA f ^Dif-hfi^s 7 y 

;b^ttl:^^n. #Bg^^s 6Sr/lf-h«-^S 7X. S7 

YCi:M^5aS^M5 6lc#t*g^nTi.>So 

[0 0 8 6] ^tm^^^oa^x'-^^a 1 oomm-^- 

^3 7 A^-rSi:. 1^ 1 3(Dm^9BMmm5 6lt. mi 

4 (d) tc^x^^^tc. #psfi^s 6 ^tr-hfi^s 7 

Xi:^O{ufflMA0x S^v-^ 3 7 AOXTifpIO 

filB-rnAO' Lx^5l<i6. lai 4 (e) tc^'rj;dic. 
#P,M^S 6^lf-bM^S 7Xi:(Ofii*aSA0Y cJ: 
0. a^P^-^3 7 A(7)Y:^[pJO{5g'rtlAO' Lx^^^R 

A^So ciommUi-^t^^mi (a) ozettiggaxx- 
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§o ffilL. ^ 1 3CDL I A3ie^3^5 ZlCMJSt* SX^^ 
A Ox Rt/Y^^a-AOY ^^n^nAOixRZfAOiY t 

[0 0 8 7] 

[^7] AOlx=AO' u- (WaAOX-WaAX) 

[0 0 8 8] 

[S(8] 

AOly=AO' ly- (Wa ay l+Wa AY2) /2 

[0 0 8 9] Jx±o^tcLT. mi o(on^Ami^^n 
rc'^—^m(DiiLmi:T^^^>h^not. alx . a 

Ly . ARx ^ ARy . AOfX. AOfY. A Ouf ^ AO 

n^Amt-^nrc^-^m-n^Drnt-^nrcr-^^m 

^7?OftaiJ;$:tT9 ili:tc<^oT. 3 2f@ (=8x4) (D 

hSS 3 4 Df#^n/c5=^-^^^Sij7=^-^ A 
xn, Ayn^LTSEti-r^o ^COfg. IBftmi:!^ 2 OX'T *y 

y 1 1 1 icmjr^o 

[0 0 9 0] 02OX7^^y7'l 1 llCtol^X. RAgS«S 

ai9. 2 OtCjtjS-rS^fflljT'-^Dxn . DynJC5*L 

[0 0 9 1] 
[S5(9] 

Fxn l^fR X -Rx-<a)+<9)irD xnl [Ox] 
FynJ [Ry. a Ry J[Dynj"^[Oyj 

[0 0 9 2] *fc. x:^|R]&t/y;^lRl03fSSJg^||%£ 

[0 0 9 3] 
[^1 0] 

£xn l^fFxn l_rDxn 1 
£ynj [FynJ [DynJ 

^[I-Rx -Rx-(a>-f-^) 1 [Dxn] [0x1 
[ Ry- a 1-Ry J [DynJ [OyJ 

[0 0 9 4] -^LT. Cnelfl^J^mM (Cxn , Eyn) 
?b^S/J^^^^1t^C^/J^S^^m^fflV^T. (gj 9 ) £0 6 
OfD/^-^?^ — X. Ry. 0. CO, Ox, O y Ofil^ 
Wth-t^o CCT'x75rR]OX>>-— U — ^R X 

t±b^^;H 2^S*Px'-^ffi6^(Ox>5-fq]tO^*^M 
^^L. X^-U >^V^^p«-:$?R y{i:b^<>;bgi^3^ 
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[0 0 9 5] mzo^Xv-yy'l 1 ZRZfl 1 3lc 

^iyT.yj^coy'y-r^^^hmms 4Ttf-«ij^n/cf"-^ 

AxnStfAyn(7)¥±9fii^-en^n <Ax> <Ay> 

x> -Ox. <Ay> -Oy) t^^o tA^oT. 
^^hNptCti, mi (a) CDl/-^f-lf— ALWX^ffl 

v^^STi^tf axT. rii^ffl^^ttLWxj tt>^^) 
t^ib *f-e-A L woF ^m^^^=Fmm axr. 

0 1 3<DF I A^^^4 S^iS.m'T^m^lC 

ti. ttj9J^nfC7^-r$?AxnStfAyn(OTi5fii^^n^n 

<A f x> SlZS^ <A f y> t^^o ^bT. ;t37-fe'y h 
(<Afx>-Ox. <Afy>-Oy) (D:ty'^y h 
20 ^mi (a) OU-+f-e-ALWY 1 , LWY2. L 
WoF tcmt-^T5^HtOgtPMlc*#fc-d:TT^-r ;^ > h 
5ae^tT^tf<J:V^o — 7^. 01 3(DL I A7fe^lS5 2^ 

^m^ttl'etl <ALx> JSiZf <ALy> i:-r§o 
T. =Fi^m(DmWMlc ( <A L x> -O X. <A L y> 
-Oy) cO::ty^-t'y h^^i/c-ttntf^l/^o 
[0 0 9 6] tX±0*iIE75'^ti. Xx-S/*^113^ 

30 ^^t. fi^JxtfS^V-^1g6±Oa^V-^3 7 A- 

r-<D:^y • T^>-x#fflTi$ffLWoF£0^^fii (3 — r 
OF <Dnm(om^mic't(os'-^ >^iB(omiE^n-Drcm 

40 [0 0 9 7] cntCjrfUT. m^lSmi (a) tc4ol/> 
T. X'r->^J0i^lSO»2p*a^XttfflcO5^i6a7Xi:-r 

(a) Ot^.^T% il7tffl^^$t^LWX(D^^^ii. 

•7 • 7 ^ ->xiifflT^ft- L woF (om^m^mmic u -b *y 

h (QIC) i;(t^OS7t^tcti§5SLfflOT^ttfii«r 
-r;?<>h^Jcti. ^J;^(fS^"^-^1S6±OS^"T-^ 

3 7 A- 3 7 D^m^mmm(of$W}m7 xicM-r^mm 

50 L^ffll^T. :ty • T^i>XI?ffl^J$t1-LWaF (OK^fii 



(15) 
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[0 0 9 8] ftSa-r-^Dxn. Dynti:> "i^oi/Nj^ 

ti. d<i6^tlfc/^^^ — X. Ry. e, CO. Ox, 

(rxn, ryn) KM^^^^riy^- ^ JV^m&'t tll^ 
[0 0 9 9] 
[SCl 1] _ 

Ry J ryni"^ Oy 



1 1 J 



[0 1 0 0] LlOMilTti:. mi^^y-^-y hO X, Oy 
fl^LTti ( <Ax> , <Ay> ) CO:^^^^ h ^WJE 

[0101] J:^(±(D*Bc*^Sg(^Jtc J:ntf. 1 iHlOU^ 
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[0 10 2] L;6-L^*^e>. ^S^lpltctia^v-^fi 

6 X x ^y zfrnc^m-r ^ (or-m^m ^ j: s ^g;^^ 
#^?>n^o ^<7)j^--<-xv-r>'«o^x^y^Bftc. la 
1 3 CD L I kft^^.s 2^m\^^rcmM^^iiom.\^. ^it 

10 ^^^5 5XRD*5 5 YtDffi:^ffi«:fflO>T'!7X/NXx->^ 

(Z OMIgUX-T^— >?4^) fD{LLM^n>y ^LT. 

MOU^^;l/v-<>«b^^;H 2(7)4Kgpotf8®m 

Ry, 0. £0*^ii:>^T*fe!9> 4^1^^ 

-^^iBBLrc73;^V^-^;^'-^R y, 0, oy(0^lk^\Z{X 

20 m^^^m^it. mmKumii^^^. s^v-^«6± 

[0 10 3] S/c. 1 2±OU^^;l/-7— 

^i:. ^:7-i2^y h/^^p< — X. OyltX/ 

X -r >aop.ii ^ cdh^^^ ^ ^ i^- 

3>L/cig^^^-ro i^TTii (iil 1) Oifrgg^^T 
0 4K'COtf6o^^. #.^P{iMo(D3eTfioW4 
30 [nm] T^fo 
[0 10 4] 

[Si] . .. 





RX. Ry, 0 , a> 


















js«m 


X 


Y 


X 


Y 




4 


9.59 


10.96 


8.8 


7.2 


16.00 
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7. 10 


7.92 


6.2 


5.1 


9.43 


1 2 


5.86 


6.48 


5.1 


4.2 


7. 77 


1 6 


5.03 


5.80 


4.4 


3.6 


6.83 



[0 10 5] tX±<fct)b^^;l/x'-^S(n^8ffl^-r^ 
>^>h&?>*-<— X-5^^>ao^x^y:J7CO«^^ 1 Onm 



[0 10 6] CCD^tcS^-^— ^:K6±cO>'^^-r:>>/ 
tfP^Sti^l^o ^^o> ±ai^fiSe»JT'ti. 13 8 (c) ICtt^ 



(16) 
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-Tcfcatc. mm^-^^6±icmm^-^3 5 A-3 5 
[0 10 7] :^tc. :^mn(om2mmmic'-D^. mi s 

29A— 29D. 3 0 A — a 0 D^ffifflLT. ^r-TV 

T ^ :?< > h V— ^ T Ix^ ^ybT ^ -r ^ >' h 
— X-^^>ftffliJ:&^T3<^'5tcbT^J;v^o CO J: a till 
fflo:7 r-f vT-^ Y ^ V h T^^x^i' 20 
i^comm (Rx) n+pj. n— i/3> (0) mm. r 
t;^— X ^ -r >Hta'jo 3 is @ tc*f -r ^ itay^HM-r ^ z 

^> h-T— ^ 2 9 A — 3 0 DCDJSili^M;6^^/h^i/^C 

[0 1081 dO^-r^y^^-FTli. fl?9x.tf. 

;l/ 1 2±cO 1 m(Dyy-OT^^ :;i>h'^—^ 2 9 A. 
3 0 A^. a'*-7-^1g6±0 iMi^a^v— ^3 5 
A. 3 6 A^. S'^v- ^^6 ±£0 10(7)3^-^—^3 30 
7Ai:^^$oT> ^fX4^-V>:5lRlO<g^ (Rx) bYML 
x=i—'f—iyB> (0) ttffl. 23Ltf-^— X'^-f>ft-pJ0 3 

KcD«'&. ieo:7r^>r^^^>hv-^2 9 A. 

3 0 AOfffiiljP.M^?fliiE-r^fci6tcti:, 
pO'hv'-^VXT^ARi^rc. V-^2 9 A. 30AOffi 

[0 10 9] ciomzmmmoDmi'JF^mi 5^zfmi e 
^#p.9LTHtt0j3-r^o 0 1 5Rr/i^i ecDSftftti. [^2 

K ^ ^ >r ^ K ^ t) nl^g * o TV > 
01 SOXT-^yy^c^ol^T^ ia2£0X7^^y7'tc5^JS 

[0 1 1 0] 0 I 5tc^5V>T. X-r^yy 1 0 1 — 1 0 4 

oiccmth-t^o ^Xic^ XT^^y^i 1 5vyy^>^— 
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il»^Jg«ti^a6ia 1 04^~>1-:-K2 2 C^/M.T:^-^l/ 

U-:$^tcJ:!:)l^^^;l/l 2 0/^i$?->1f$Bll^gg*^ai 
0. CC0$£^tcSo\->T±M'^^2 2 A;0'^gI!jWtCT^ 

[0 111] yy^y^-Vf^mtR^n^t. mi 5<d 

X-r^y^l 0 5-1 1 3timn^tl. wM<Dm<m^<D 
yy^:yT^^:^yh^-^t MiStoS* ^ 

tf«iJlt£S^<^o/'c-^-X'^>/Vtf-aiJ;b^SltT^ti^o 

T. Xx-y^i 1 4T\ U^^;l/i 2 ±cDfrJ^<f 3S±ti: 

h-r-^ 2 9 As^r/3 0 AoffiaofiSH^M a:^T> . 

fflllS2 2 Al^OlSltgPtCieig^^o 

miat. XT^^yT'l 1 3T5Ri6/c:Ba<^ (S^^^vp^- 

— ^2 9A — 2 9D. 3 0 A — 3 0 D(DKfi-±a)J^#.ffi 

^>r^-r;>^>'hRtc. X-r^yyi 1 2. 1 1 30*gS 

It. ^-^iy-^t'^mmmm^mmxt)i.T^x\.\ mm 

[0 112] —73. X7"^y':/l 1 5t?^^^y^^-K3b^ 

MiR-^n^t. mmtmi eoxT^^yT^i 1 eizmj-t 

^LTXT^-y^l 1 6—1 1 8tC:fel/>T.. 1 5(0 
X-r^yy 1 0 5-107 ^[Wl i;gjf^;^||?T-r^o 

^-f^y^^— K"ei^^^;i/i 2 ±(D 13*0:7 r-OZ-^ 

-Tp^^h-^— ^ 3 0 A, 2 9 A. ^ffi6± 
01 WcoS^*^-^3 6 A, 3 5 AOf^^^R ASI^atC 
J:0«^L. :^-:7 - T^v^X7?SOT^-r;^>'h^S3 
4tCj:oT lf@OS^V-^3 7 A^l^m-r^o ^/c. 
XT^-y^l 1 90^*T% R ASa^^-ca^LfcT- 

Rt;^:7 • y^v'XTj^Or^^pOh^HS 4T 
«imL/cv-^0{fiS;&^a6So ^Of^. X-r^y:^l l 

-^30A. 2 9 AcD^^m^n/cfeMtcWLT. 0 1 5 
(OTs'ryyi 1 4T'AR«)fcV-d7^M<oaiE^tT'5o C 

^<i:^>. 2±(D/^^->jffliii^||iilgi|| 

[0 113] Tsv- y-yi 2 Olc*5l>T. XT^-y^ 

1 1 9TOMlEtc<i: t)t#6n/c=&v— ^ofeS^ca-::^!/^ 
T. (SC9) (Dem(0^^^^5^?^-^ (Rx, Ry. 
0. 0). Ox, Oy) <DP^(0. 4^x^^>y5\^cOi§mM 
MRx. r— S/3>0. Rt/:t^-t-y hO X, Oy 



(17) 
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^^^^o ma^mcit^ 08 (a) si; (c) ^c^^•r<^ 
oic. naytrcS^v— ^3 5 A, se acdx:;^[pj m 

X^-V>':i5'lPl) (O-^—^mMt. V— ^^il2 9AW, 3 
^MRx^5tca6^o Mti:> SPv-^3 5A, 3 6ACD 

w. 3 0 AwoYTSTfRioffiB'rnhoM. 

[0 114] fS:^^ CO^-r^y ^^-FTii. ftS'm^ 
-r ^ V- ^ ;UffliJ S^-T-- ^ 6 11 i: T 2 ffl 

>7'"5-f'^>hV— ^ 2 9 A, 29D. RUms (c) 

O2fflC0a^V-^3 5 A, 3 5D^SffJM^^51S^-r 

*e#§o 20 

[0 115] ^LT. XT^^y:/! 2 OT*46^nrc^^X 

[0 116] x-r^yT'i 2 ncfci/^T. S^^^- 

^3 5 A. 3 6A<D^i^mm<D9}rm\mtmm'^'-^3 7 30 

-K^Htf bTU^^;H 2CD/^^->ofilili^M (V 

[0 1 1 7] i^^tc. ^fgBilojgs^SS^Jtco^l^ 1 70 

■X/Ntci87t^tT-5S^-. ±a?0^-r^y^^-KTU^<j7 
So *IISSW»c:fel/^T. 01 OgP^S^tSMT^lx^^;!/ 

[0 118] ^-r. 01 KOTs^-j-fZ 1 UcfcV^T. 
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0 1 — 1 0 4St;i 1 5. Maiciai 6 0X7^^yyi 1 
6— 12nc^-r> ^-f ^y FcDl^^^;U7'5'Y>< 

(Dm. X7"^y7'2 1 ZTmmNicWmmtLT. VkXZV 
=f'^)\^T'y^ :< > hRZf^—:A^^ Vf-x ^y ^^^tr-p $ 
TncS>t-rS^7X/N<Dt5tS(:g:l5^L> X7"*yy2 1 3T 
'>jiy>:&'>x/NX'r— S^4±tCP-K-rSo {fib. Xx 

>y7'2 1 3TKtCii7¥:^nrc^x/N;b'^$,;i>i:^tcti^CD 

m7t?s^co^x/NcoT>D-F (asm) ^n-Dtcmcm 

fc "i? X y N O P - K -5 o 

[0 119] T.v-yy'z 1 4T?g^N^'^^0TfeS 

iP^U'^^;l/7'^^p<>h&t;-<-X^^> 
^i^y^^tT^^-r^^^TfeS^^^^^^^^IH^^n. 
^S(N;b^0,^»P^^V^ii'&tCti:XT-'yy2 1 5T'SS(N 
1 ^M^LTXT-^yy2 1 SicWnT^o ccox^r 
-jrfZ 1 6Tii. 1 30:t:7 • Z^v^XTJStDT^'^-r 
P«>'h^^3 4XCiTT L75r^cD^7X7>T^-r^>h3g 
^rai/^T'>x/N(Or'^^;^>h^tTo/c?t. ^x/^^r)§ 
v-H *y h^iUcicU^^;!/! 2 O^^^-Vib^S^^n^o 
^gp (fg^tXia) 0»>xyN-\OS^A^S?T-r§^. 
Ix^^;!/! 2tcM-rs^7¥;X@t±*§7-rS;6^ ^gpo-j? 
x/N^OMTtjO'^^^l^oTi/^JSii/^ti'g-tcti, X-r^yy2 1 
3 tcM o Tli7t5?r^iD x/ NO Z > n - HSlQWc :^ 
x>rN<7)D-F*^fTt?nSo ^Offeil!jf^tiXx*yy2 1 4 

[0 12 0] s/c. X'r>yy2 1 4'rN = o. m^u^ 

^f^/T'y^:^ > FRr>*^— X-^^r V'^x ^y ^^fT"5 ^-T 

^>^*Tfe^il^t::(iXT'^yy2 1 7 ^c4oi/>TL-^^;l/ 

1 2co[Hi^^iiRt/fs^^Motf-sy;b^tTt>n^c cnti 

El 1 etOX-r^yy 1 2 0 i:[Hl^Tfe^o ^^Ott. X-r^y 
^2 1 StC^fTL. CCT:t:7 • T ^ 7>.-n^(OT =y ^ 
^>b^^3 4 (F T A5t^3^4 8^^t?7''^^;^>h 
I^XtiL I At^^^S 2^#ty2 7t^T^T^-r^>h 
P^StT^'^X/NTv-r^ VF3^) <DX7alRlSrj^Y:^lRjCD^ 
-X-^-fV^x^y ^^^tTt^nSo ^Ofg. XT-^yy2 1 
9T^S{Ni:LT:;*tC^— X-^-rv^x^y^^fT^^T 
tcS)t-rS'>xyNCDtS:tSr;&^^LT*^e>> Kj^iX-r^y 
^2 1 eiCMSo 

[0 12 1] CO J: ate. *^;KfiC^OlC<]:ntf. U^^;!/ 

^^^•r>5^tc. u^^^uz^-r^vhs^iz-^-x^-r 

>thSimT-9i:*fcJc. m^tJcSSco^x/Nti:ii5t:&tT-5« 
tc ^ ^y ^ F T ^ ;l/T ^ ;^ > F RtZ--^— X 
-^'>t^■fflJ^^^^oT^/^-i>/c:a6. igi/^X;l/— y-y hT'^'^x 

[0 12 2] ^/c. XiSllJ^^jO^jifi^^' • r^i>X 
SCO 7 ^ -r > h ^o-<— X ^ >tfSiJ o I > TlttB^ 
LTfe-5A^ S^7t¥^<D37.c-vI/Frt;&fflV>/c:TTL 
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Co 1 2 3] 

Co 1 2 4] t/c. ^2 0tSf5S7t^BtCj;n(f. 

m 1 os^Pv-^*^e>^n^n^g^^^^os7t•7^- 20 

:^^fTt)n§OT% cj:t)iEHItc-<-X^-r>M3bWPJ^n 
CO 1 2 5] ^fc. *fgB^0^4CD}SP^M7t77}itcJ:n 
C^tcj:t)> igM^tCiSUTiSl^X^lz-T'^y hT'^X^± 

tif^Tt^o ^fc. m5(ot9immyt:f3mc^ni£^ 30 

V ^ ^- F J: ^ W^ttPJX^g^^jlS^-r ^ ci ^ .J; 
^> i^:v^te:iSi;Tigv^x;b-:/'y hT'TX^±o^|g3^ 
^X-r->^±O]ffi^2^^(0mM^^. Ra*-<-X^^> 

CO 1 2 6] ^fc. mecDts^^Tt^aStCcfcnt^. 

W{cx4^-\'>7i^-eii^^fTa®'B'tc. iSv-x;b-:;/'>y 
11^. S:t/-^-X'^-r>a^5l<46^cii:^^T^^o 40 

ciaffios^^ittB^] 

C0 2] ^i*jfi^j(or^><>«vh7^SRtf-<-x^-r 

C^4] (a) {i:U^^;l/±(D7'^^^ Vhv— :J7CDiB 
M0> (b) ^t^%it^^(OM^W^}iWi^r^mm,'r:(r> 
r-^Y^>h"^-^#;^^-rfiHrl^. (c) {i'77'-f'> 
Z^Y^>h'T-^2 9 A — 3 0 D^:^-r{£:^iaTfe so 
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C05] (a) \t\y=t'7)\^<DiK^t^rsT'y^:^-^Ym'i 

om^<^mmm. (b) ti^s ca) ^Ufh\.tdmr^^ 

C!a7] (a) ti^^Ji/NtJOX-r-v^^D^Sia. (b) 
\t U^^;I/PJcOXT'-S^O¥ffi[a"e$)^o 

C08] (a) irtu^^;v±<D^-^mm^^'rtm 

m. (b) {il^^^;b±cDv-^o-WI^5^t-fi£^SK 
la. (c) (iS^v-^1fi6±coa^v-^(OiEfi^^ 

(d) 3 5 Amo-m^^.^m 

±m. (e) ti:S^-T-^3 7 Al¥(D-fl?iJ:g:^-r¥ffiia 

cia9] i^^^^i/z^^pivhRt/^-x^-r^acDtf 

cia 1 2] (a) 1 1 (ommm'rx^mm'^n^mm 
^^•ria. (b) ms (c) \t^(Dmm\zn^^.'t^xi5 

m 1 3] • Z^>'X>7ie07'^^P<>hSB3 4 

CH 1 4 ] ( a ) 1 3 o:>m{^m'?-xmm^n^mm 
^TTCtm. Cb) St; (c) ht^cDMimzn^.-t^x-fs 
\p\^xi'^f5\^o:>mmm^^^>^'tmMm. (d) 

(e) 3(DL I k^^^k^fti^xmibn^^mm 

C0 1 5] m2iifiSfi?ucozv-r><>h75r?£Rt>'-^-x^ 

m \ 6] ^2||j5gfi?llcDT'^^;?<>h73i*&t/^-X^ 

c^i 7] ^3i^ssfi^yco^7t7?j£oi[i{^;&^'r>^D-^ 

C01 8] fie*<DXiF-.y>r^— ^D7^^^>^3^;g:5^-r— 
4 Z9«i|gi&X-r-i^ 

5 '^xyN 

6 m^^—^m. 
8 ^mit'^ik 

1 1 U^^;l/?S/Mgf&X-r— 
1 2 



(19) 
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19, 20 U^^;\yT^^^>hmmm iRA 
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2 1 u^^jumco^mm 

2 7, 2 8 "yy-^—^my^-f^zyh^-^ 

29A — 29D. 30A — 30D :7 T-OT-^-Y ^ > 
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7.f-vf\ 07—1 1 o-e*to<b 

LTs 2:^IpJCD^^$, n — 7- — C/ 
a:', g^S, 2:^|6i(D:ii-7-fe«y 



1 1 2 



::^7'v^l 1 1 <o<sm<fcO u^i' 
%r^tlit, :^5"vyi 12cDig|& 
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